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To  the  Geixei-al  Congress  Committee  of  the  American  Institute 
of  Electrical  Engineers : 

Gentlemen: — Tlie    Sub  -  Committee    on    Provisional    Pro- 
gramme respectfully  submits  to  j'ou  the  following  report : 

DUTIES. 

The  Sub-Committee  understands  its  duties  to  be  as  follows : 
To  suggest  what  work  it  is  desirable  to  have  done  at  the  com- 
ing International  Electrical  Congress  to  be  held  in  Chicago  in  1893. 
To  suggest  a  programme  for  carrying  out  this  work  in  the 
most  satisfactory  manner  to  all  parties,  and  with  the  least  loss  of 
time. 

RECOMMENDATIONS. 

Regarding  the  work  to  be  done,  your  Committee's  recom- 
mendations are  as  follows : 

RATIFICATIONS. 

(1.)  Matijication  of  the  adoption  of  units^  terms^  symbols  and 
definitions  hy  previous  International  Electrical  Congresses. 
This  is  a  mere  matter  of  form  and  an  act  of  courtesy  to  the 
preceding  Congresses.  Your  Committee  understands  that  this 
was  done  at  both  the  Paris  Congress  of  1889  and  the  Frankfort 
Congress  of  1891.  (For  the  work  done  at  previous  Congresses 
see  Appendix  I.) 
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To  the  Gen^'ol  Congress  CoTnnxittee  of  ths  American  Institute- 
of  Electrical  Engineers : 

Gentlemen: — Tlie    Sub -Committee    on    Provisional    Pro- 
gramme respectfully  submits  to  j'ou  the  following  report : 

DUTIES. 

The  Sub-Committee  understands  its  duties  to  be  as  follows: 
To  suggest  what  work  it  is  desirable  to  have  done  at  the  com- 
ing International  Electrical  Congress  to  be  held  in  Chicago  in  1893. 
To  suggest  a  programme  for  carrying  out  this  work  in  the 
most  satisfactory  manner  to  all  parties,  and  with  the  least  loss  of 
time. 

RECOMMENDATIONS. 

Regarding  the   work  to  be  done,  your  Committee's  recom- 
mendations are  as  follows : 

RATIFICATIONS. 

(1.)  Ratification  of  the  adoption  of  units^  terras^  symbols  and 
definitions  hy  previous  International  Electrical  Congresses. 
This  is  a  mere  matter  of  form  and  an  act  of  courtesy  to  the 
preceding  Congresses.  Your  Committee  understands  that  this 
was  done  at  both  the  Paris  Congress  of  1889  and  the  Frankfort 
Congress  of  1891.  (For  the  work  done  at  previous  Congresses 
see  Appendix  I.) 
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NEW  UNITS. 


(2.)  Dejmmg  and  adopUng  prcictical  units  for  measwring  and 
designating  the  measurements  of  the  following  quantities : 
Ma^gneto-motive  force  y  magnetic  jIaax  ^  mAignetic  intensity  i 
magnetic  reluctance  /  electric  conductivity  /  iUum.ination, 

It  will  be  noticed  that  this  refers  only  to  the  question  of  what 
the  magnitude  of  the  units  shall  be,  or,  in  other  words,  what 
multiples  or  sub-multiples  of  the  absolute  units  they  are  to  be. 

Your  Committee  is  aware  that  objections  are  raised  by 
some,  to  the  establishment  of  units  not  already  in  universal 
use.  Past  experience,  however,  has  shown  that  the  proper  time 
to  establish  units  is  before  their  need  is  universally  felt,  in  order 
to  avoid  the  introduction  by  different  persons  or  nations,  of  units 
of  different  values,  a  contingency  which  will  be  very  likely  to 
arise  if  not  anticipated  by  concerted  action. 

Your  Committee  recommends  the  following : 

The  value  of  the  practical  unit  of  magneto-motive  force  to  be 

one-tenth  of  the  absolute  unit,  that  is,  equal  to  -^    ampere    turn. 

The  value  of  the  practical  unit  of  magnetic  flux  to  be  10^  abso- 
lute units  or  lines. 

The  value  of  the  practical  unit  of  magnetic  intensity  to  be 
10*  absolute  units,  that  is,  10®  lines  per  square  centimetre. 

The  value  of  the  practical  unit  of  reluctance  to  be  lO"*  absolute 
units.  (For  further  explanation  of  these  magnetic  units  see 
Appendix  II.) 

The  value  of  the  practical  unit  of  electrical  conductivity  to  be 
10"®  absolute  units,  that  is,  to  the  reciprocal  of  the  ohm.  This 
makes  it  equal  to  the  unit  proposed  some  time  ago  and  known 
to  some  extent  by  the  name  of  "  mho."  It  should  be  given  this 
value  in  order  that  it  correspond  with  the  already  adopted  units. 

The  value  of  the  practical  unit  of  illumination  to  be  a  bougie- 
decimale  at  the  distance  of  one  metre.  The  bougie-decimale  is 
the  unit  of  light  or  candle  power  already  established  and  is 
practically  equal  to  one  English  standard  candle ;  by  making  the 
distance  a  metre,  the  practical  unit  will  be  approximately  equal  to 
one-tenth  of  a  carcel-metre,  one-tenth  of  a  foot-candle  (or  "  lux  ") 
or  to  one  metre-candle  or  metre-kerze,  all  three  of  which  units 
are  already  in  use  to  some  extent. 

It  has  been  announced  that  a  proposition  will  be  made  at  this 
Congress  to  change  the   values  of  ^  some  of  the  practical  units 
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which  have  been  adopted  by  previous  Congresses  and  are  already 
in  aniversal  use.  Among  these  are  the  ampere  and  the  farad. 
It  is  urgently  recommended  by  your  Committee  that  such 
changes  should  not  be  favored,  since  they  would  necessarily  be 
followed  by  great  confusion  and  would  of  necessity  have  to  be 
accompanied  by  some  change  in  these  well  established  names 
in  order  to  distinguish  these  new  units  from  those  now  existing. 

NAMES   FOB   UNITS. 

(3.)  Adopting  names  for  the  following  practical  units :  Ma^- 
n£t(Mnotive  force;  magnetic  flux  i  magnetic  intensity  ;  inag- 
netic  reluctance  /  inductance  /  electrical  conductivity  /  iUu- 
mination. 

The  following  names  are  suggested  for  these  units : 
For  the   practical  unit  of  magneto-motive  force,  the  name 
"  gilbert." 

For  the  practical  unit  for  magnetic  flux,  the  name  "weber." 
This  term  was  formerly  applied  to  a  unit  of  current,  but  its  use 
in  this  sense  was  so  limited,  and  it  has  been  abandoned  for 
so  long  a  time  that  no  confusion  would  be  likely  to  arise ;  the 
context  alone  would  always  be  sufficient  to  prevent  any  possi- 
bility of  misunderstanding.  The  name  "weber"  is  preferred 
on  account  of  the  intimate  relation  between  this  unit  and  that 
of  magnetic  intensity  for  which  the  name  '*  gauss  "  is  suggested. 

For  the  practical  unit  of  magnetic  intensity,  the  name  "gauss." 
This  name  has  already  come  into  use  to  such  an  extent  that 
objections  to  it  will  not  be  likely  to  arise. 

For  the  practical  unit  of  magnetic  reluctance,  the  name 
"  oersted." 

For  the  practical  unit  of  inductance,  the  name  "henry." 
This  name  has  already  come  into  use  quite  extensively  and  it 
would  therefore  be  very  undesirable  to  change  it.  The  value  of 
this  unit  has  already  been  fixed  as  equal  to  10^  absolute  units  or 
nearly  to  the  length  of  an  earth's  quadrant.  The  definition 
** quadrant"  is  sometimes  employed  as  the  name  itself,  but 
its  use  as  a  name  is  evidently  objectionable,  as  it  already  has 
several  other  meanings,  which  might  readily  lead  to  confusion. 

For  the  practical  unit  of  electrical   conductivity,  equal  to  the 
.  reciprocal  of  the  ohm,  the  name  "  mho."     This  name  has  been  in 
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use  for  Borae  time  and  is  already  well  known.  It  is  thought 
better  to  recommend  it  than  to  select  and  introduce  a  new 
name. 

For  the  practical  unit  of  illumination  defined  above,  the  name 
"  bougie-metre." 

It  has  been  suggested  to  name  the  units  "  kilowatt-hour  "  and 
"ampere-hour."  Your  committee,  however,  recommends  that 
inasmuch  as  these  terms  explain  themselves,  and  are  not  longer 
than  some  others  in  use,  to  give  them  special  names  would 
burden  a  system  of  nomenclature  unnecessarily.  The  principal 
objections  to  the  term  "Board  of  Trade  Unit,"  which  is  in 
use  in  England  for  the  former,  are,  that  it  could  never  become  in- 
ternational, that  it  is  longer  by  one  syllable  than  the  term 
"  kilowatt-hour,"  and  that  there  are  now,  or  may  soon  be,  units 
of  other  denominations  adopted  by  the  same  Board  of  Trade, 
from  which  this  one  will  have  to  be  distinguished  by  an  addi- 
tional affix  or  prefix. 

CONCRETE   8TANDABD8. 

4.  Defining  and  adopting  modes  of  embodying  the  following 
principal  units  of  fnea&urement    in    concrete    standards 
capable  of  being  readily  reprodttced^  and  adopting  names 
for  them  or  for  the  theoretical  units^  by  which  they  can  be 
distinguished  from  each  other  * — Ampere^  ohm^  volt,  watty 
standurd  candle. 
The  following  definitions  of  these  units  are  recommended : 
An   ampere  shall  be  that  unvarying  current,   which,  when 
passed  through  a  solution  of  nitrate  of  silver  in  water,  in  accord- 
ance with  the  specifications  recommended  in  the  recent  report  to 
the  British  Board  of  Trade  (See  Appendix  III),  deposits  silver 
at  the  rate  of  0.001118  of  a  gramme  per  second. 

An  ohm  shall  be  the  resistance  offered  by  a  column  of  mercury 
at  the  temperature  of  melting  ice  14.4521  grammes  in  mass,  of 
a  constant  cross-sectional  area,  and  of  a  length  of  106.3  centi- 
metres. It  is  recommended  that  material  standards  of  this  value, 
constructed  in  solid  metal,  should  be  preserved  under  the  care  of 
the  several  governments,  as  standards  of  comparison,  and  that 
they  should  from  time  to  time  be  verified  by  comparison  with 
the  mercury  standard  defined  above  ;  also  that  for  the  purpose 
of  replacing  the  standard,  if  lost,  destroyed,  or  damaged,  and  for 
ordinary  use,  a  limited  number  of  copies  should  be  constructed 
which  should  be  periodically  compared  with  the  standard  ohm. 
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A  Tolt  shall  be  the  product  of  this  ampere  and  this  ohm. 

A  watt  shall  be  the  product  of  the  square  of  this  ampere  and 
this  ohm. 

The  other  units  such  as  the  coulomb,  the  farad,  and  the  joule, 
«hall  be  taken  as  derivatives  in  terms  of  this  ampere  and  this 
ohm. 

In  order  to  create  as  little  confusion  as  possible  by  the  intro- 
duction of  this  set  of  units  which  are  to  become  the  universal 
standards,  and  in  order  to  distinguish  them  readily  from  the 
true  theoretical,  or  abstract  units  defined  in  terms  of  the  absolute 
units,  it  is  recommended  to  call  the  former  simply  "amperes," 
"  ohms,"  "  volts,"  etc.,  or  more  specifically  "  standard  amperes," 
"  standard  ohms,"  etc.,  and  to  call  the  theoretical  units  "  true 
amperes,"  "  true  ohms,"  etc.  The  latter  term  has  already  come 
into  use  in  this  sense. 

The  unit  of  resistance  known  as  the  B.  A.  unit,  shall  be  taken 
as  equal  to  0.9866  of  this  ohm. 

The  electro-motive  force  of  a  Clark  cell  at  15®  C,  prepared  in 
accordance  with  the  specification  recommended  in  the  recent  re- 
port to  the  British  Board  of  Trade  (see  Appendix  III.),  shall  be 
taken  as  not  different  from  1.434  of  these  volts  by  more  than  one 
'  part  in  one  thousand.  The  coefficient  of  temperature  shall  be 
taken  as ? 

The  standard  candle  shall  be  taken^as  equal  to  the  light  from  a 
lamp  like  that  known  as  the  Hefner- Alteneck  standard  amyl 
acetate  lamp,  which  is  to  be  defined  by  its  dimensions  and  the 
height  of  the  flame,  the  dimensions  being  such  that  the  light 
sliall  be  equal  to  that  of  the  "bougie-decimale,"  the  practical  unit 
adopted  at  the  Paris  Congress  of  18S9,  which  is  equal  to  one- 
twentieth  of  the  absolute  platinum  standard  adopted  in  1884. 

It  has  also  been  suggested  that  a  universal  wire  gauge  be  de- 
fiui'd  and  adopted.  Desirable  as  this  may  at  first  seem,  your 
committee  recommends  that  no  action  be  taken  by  the  Congress 
in  this  matter,  as  it  is  not  likely  that  any  one  scale  would  ever  be 
universally  adopted  by  manufacturers,  even  if  defined  and  adopted 
by  a  Congress.  The  universal  introduction  of  the  metric  system 
and  the  designation  of  wires  by  their  diameters  in  millimetres,  is 
thought  [to  be  the  only  satisfactory  solution  of  this  question  for 
international  work. 

NOTATION   AND   SYMBOLS. 

5.  Adopting  an  mtemational  system  of  notation  and  conventional 
symbdU^for  designating  different  quantitiee. 
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The  sjBtem  suggested  to  the  last  Congress  by  Mr.  E.  Hospitaller, 
6f  Paris  (see  Appendix  IV.),  is  recommended  by  your  committee, 
although  doubtless  some  amendments  may  be  found  desirable. 

DEFINmONS. 

6.  Dejmmg  the  following  terms: — Impressed  dectromotive- 
force^  inducti/vityj  mductance,  reluctiviti/j  MaMhiessen^s 
standa/rd^  north  and  south  pole. 

The  following  definitions  are  suggested  : 

The  impressed  electromotive  force  is  the  ratio  of  the  total 
activity  in  an  electrically  conducting  circuit  to  its  instantaneous 
current-strength. 

The  inductivity  at  any  point  in  an  isotropic  medium  is  the  ratio, 
added  to  unity,  of  4  ;r  times  the  intensity  of  magnetization  there 
existing,  to  the  magnetizing  flux  density.  Inductivity  is  synony- 
mous with  "permeability."  The  electro-magnetic  dimensional 
formula  is  L^  M^  T^  ;  the  conventional  symbol  is  //. 

Inductance. — {(i)  Self  inductance  is  the  ratio  of  the  total  mag- 
netic ind  action  linked  with,  and  established  by  an  electric  current, 
to  the  uniform  strength  of  the  same.  The  inductance  of  a  con- 
dncting  circuit  is  constant  when  its  environing  medium  has  con- 
stant inductivity.  (J)  The  mutual  inductance  of  one  electric  cir- 
cuit upon  another  is  the  ratio  of  the  total  magnetic  induction 
linked  with  the  second,  due  to  a  uniform  current  in  the  first,  to 
the  strength  of  that  current.  The  mutual  inductance  between 
two  electric  circuits  is  reciprocally  equal  when  the  environing 
medium  has  constant  inductivity.  The  electro-magnetic  dimen- 
sional formula  is  D  M^  T^,  The  absolute  unit  is  one  centimetre  ; 
the  practical  unit,  one  henry. 

The  reluctivity  of  a  medium  at  any  point  is  the  volume  differ- 
ential of  the  reluctance  thereat.  Simple  definition :  Reluctivity 
is  the  reluctance  per  unit  volume.  The  electro-magnetic  dimen- 
sional formula  is  Z®  M^  T^.  The  absolute  unit  is  one  c.  o.  s.  unit 
of  reluctance  per  cubic  centimetre ;  the  proposed  practical  unit  is 
the  same  or  about  one  oersted  per  cubic  earth  quadrant. 

The  resistance  of  copper  known  as  Matthiessen's  standard  shall 
be  defined  as  follows  : — The  resistance  of  a  soft  copper  wire  one 
metre  long,  weighing  one  gramme,  is  0.14365  b.  a.  units  at  0**  G. 
This  definition  is  recommended  by  the  Committee  of  the 
American  Institute  of  Electrical  Engineers  on  Matthiessen's 
Standard  (see  Appendix  V.).  The  reasons  for  selecting  it  are 
given  in  that  report. 
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The  north  pole  of  a  magnet  to  be  defined  as  being  that 
which  seeks  the  geographic  north  pole,  and  the  south  pole  that 
which  seeks  the  geographic  south  pole.  This  is  the  gener- 
ally accepted  definition,  but  it  is  thought  desirable  to  formally 
define  it. 

EXPRESSIONS. 

Dining  omd  adapting  expressions : — For  alternating  currents 
of  more  tha/n  onephxise  ;  for  describing  phenomena  of  aUer- 
nating  currents  and  of  dectro-tnagnetic  waves. 

It  is  recommended  to  adopt  the  following  expressions : 
"  simple  "  alternating  current  for  the  usual  alternating  currents 
in  which  there  is  practically  but  a  single  phase  ;  "  di-phase  "  alter- 
nating currents  for  two  alternating  currents  whose  phases  differ  in 
time  by  90  or  270  deg.;  "  tri-phase ''  alternating  currents  for  three 
alternating  currents  whose  phases  differ  in  time  by  60  or  120 
deg. ;  "  poly-phase  "  alternating  currents  for  such  as  have  more 
than  three  phases. 

For  expressions  describing  phenomena  of  alternating  currents 
and  electro-magnetic  waves,  your  committee  solicits  sugges- 
tions. 

UNIVERSAL   USE. 

8.  Recommending  the  more  universal  iise : 

Of  the  term  "  voltage  "  a^  synonymous  with  "  difference 
of  electrical  potential "  or  p.  d.  in  place  of  the  terms  ^^po- 
tentiair  '^tension^^  or  *"' pressure^'*  the  v^e  of  which  in  this 
sense  it  is  recommended  to  abandon. 

Of  the  term  "  transformer  "  instead  of  "  converter  "; 

Of  the  term  "  dynamotor  "  for  a  continuous  current 
transformer  / 

Of  the  term  "  continuous  current  "  instead  of  "  direct 
current "/ 

Of  the  term  "  kilowatt "  instead  of  "  horse  powei^'*; 

Of  the  metric  system  of  weights  and  meusures^  and 
suggesting  means  by  which  its  introduction  will  be  facU- 
itated. 

Programme. 

Regarding  the  programme  for  carrying  out  this  work  in  the 
most  satisfactory  manner  to  all  parties,  and  with  the  least  loss 
of  time,  your  Committee's  recommendations  and  suggestions  are 
as  follows : 
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PREPABATORT   DISOUSSIONS. 

It  cannot  be  too  strongly  urged  that  an  International  Con- 
gress is  the  place  to  close,  but  not  to  open  a  discussion  on  ques- 
tions about  which  international  agreement  is  to  be  had  ;  it  is 
therefore  urgently  recommended  that  action  be  taken  at  once  to 
open  the  discussion  of  such  matters  now,  in  order  that  expres- 
sions of  opinions,  and,  if  possible,  agreements,  may  be  arrived  at 
prior  to  the  meeting  of  the  Congress.  To  this  end  your  Com- 
mittee recommends  that  the  suggestions  embodied  in  this  report, 
or  as  many  of  them  as  you  may  see  fit  to  designate,  be  printed 
and  sent  to  all  the  leading  electrical  and  physical  societies  and 
journals  in  this  country  and  abroad,  with  a  request  that  they 
aid  this  work  by  making  them  public,  by  freely  discussing  them, 
and  by  sending  copies  of  such  discussions  and  any  further  sug- 
gestions to  the  General  Congress  Committee  of  this  Institute, 
care  of  the  Secretary,  12  West  Thirty-first  street.  New  York 
City.  That  a  sub  committee  of  the  Institute  prepare  from  time 
to  time  a  classified  summary  of  such  discussions  to  be  sent  to  the 
leading  electric  and  physical  journals  for  publication  here  and 
abroad,  and  that  it  present  a  final  summary  of  this  international 
discussion  at  the  Congress.  This  discussion  ought  to  be  closed 
by  July  1,  1893. 

It  is  recommended  also  that  this  Institute  invite  other  societies 
to  cooperate  with  it  by  appointing  special  committees  to  discuss 
and  report  to  their  respective  societies  on  these  international 
questions  and  to  publish  their  conclusions  in  the  electrical  jour- 
nals of  their  country. 

It  has  been  suggested  that  various  committees  be  appointed  to 
prepare  reports  on  the  international  questions  on  which  agree- 
ment is  desired,  and  to  submit  these  at  the  meeting  of  the  Con- 
gress. Your  Committee,  however,  believes  that  to  postpone  the 
discussion  until  the  Congress  is  in  session,  would  lead  to  no 
satisfactory  results,  as  was  shown  at  the  last  Congress  of  1891,  in 
Frankfort.  It  therefore  urges  that  the  discussion  take  place 
through  the  medium  of  the  journals  ^iw  to  the  meeting  of  the 
Congress,  and  that  the  only  report  submitted  to  the  Congress  be 
a  summary  of  such  discussions. 

MEETINGS. 

Regarding  the  meetings  of  the  Congress,  your  Committee  re- 
commends that,  as  in  the  Paris  Congress  of  1889,  the  meetings 
be  divided  into  (a)  Oeneral  MeetingSy  one  at  the  opening  and  one 
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St  the  closing  of  the  Congress,  which  are  to  be  devoted  to  the 
-consideration  of  general  qnestions  and  those  on  which  agreements 
are  desired,  and  to  the  reading  of  papers  of  a  general  character ; 
(b)  Sectional  Meetings  for  the  reading  of  all  other  papers.  The 
following  division  into  sections  is  recommended : 

1.  Electro-physics,  nnits,  measurements,  and  all  electrical  matters 

of  a  purely  scientific  nature. 

2.  Dynamos,  motors,  transformers,  etc. 

3.  Systems,  central  stations,  installations,  lamps,  etc. 

4.  Electric  telegraphy,  telephony^  and  signaling. 

5.  Electric  railways. 

^.  Electro-chemistry,  batteries,  electro-metallurgy. 

7.  Electro-physiology  and  electro-therapeutics. 

8.  Legal  questions. 

PAPERS. 

It  is  suggested  that  specific  invitations  be  extended  by  the 
Congress  Auxiliary  to  prominent  electrical  engineers  and  physi- 
•cists  to  prepare  papers  on  specified  subjects  to  be  read  and  dis- 
cussed at  the  Congress  meetings.  Also,  that  a  general  invitation 
be  extended  for  other  papers,  which  are  to  be  submitted  not 
later  than  July  15,  lij93,  to  a  committee  on  papers  appointed  by 
the  Chairman  of  the  Congress  Auxiliary ;  that  this  committee 
shall  examine  and  accept  or  return  the  latter,  and  at  its  discretion 
shall  print  any  or  all  of  those  accepted  as  well  as  those  solicited, 
in  form  for  circulation  at  least  one  week  prior  to  the  meeting  at 
which  they  are  to  be  read  ;  that  the  papers  shall  be  read  in  full, 
in  abstract  or  by  title,  as  that  committee  shall  direct. 

The  following  subjects  of  papers  are  offered  as  a  suggestion  to 
the  Congress  Auxiliary  merely  as  a  basis  and  not  as  a  complete 
list. 

The  criterion  of  sensitiveness  of  galvanometers;  or  on  the  theory  of  their 
construction. 

The  working  of  National  or  Municipal  Laboratories  for  testing  meters  and 
Instruments. 

The  practical  results  and  economy  of  the  employment  of  accumulators  in 
Central  btation  systems  of  Rupplf. 

On  the  relation  between  weight  of  copper  and  iron  in  dynamos  and  their 
output. 

Nomenclature  and  notation  of  magnetic  circuit — or  on  Standard  and  Units  of 
Magnetism. 

Magnetism. 

On  the  economic  use  of  transformers  under  various  conditions  of  supply. 
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Electricity  meters  from  an  European  standpoint. 

Electricity  meters  from  a  British  standpoint. 

Electricity  meters,  from  an  American  standpoint. 

Choice  of  materials  for  standard  of  electrical  resistance. 

Nomenclature  of  phenomena  of  electro-magnetic  wayes. 

Standards  for  electrical  measurement. 

Alternating  current  transformers  from  an  American  standpoint. 

High  frequency  and  high  potential  phenomena. 

Dynamo  construction. 

Your  Committee  suggests  that  papers  should  be  solicited  by 
the  General  Congress  Committee  of  this  Institute  on  the  work  of 
the  early  electricians  of  this  and  foreign  countries  considered 
from  a  modern  standpoint,  and  their  importance  in  the  develop- 
ment of  the  science  of  electricity,  including  descriptions  and  illus- 
trations of  models  and  apparatus  used. 

TRANSACTIONS. 

Your  Committee  suggests  that  the  proper  authorities  be  re- 
quested to  have  a  stenographic  report  made  of  the  proceedings 
and  discussions  at  all  the  meetings  of  the  Electrical  Congress, 
and  tliat  this  report,  including  such  of  the  papers  and  discussions 
as  a  commitee  appointed  for  the  purpose  shall  direct,  shall  be 
printed  and  published  in  book  form ;  that  each  member  of  the 
Congress  be  entitled  to  one  copy  of  this  report  on  the  payment 
of  $1  (one  dollar),  and  non- members  on  the  payment  of  $5  (five 
dollars). 

MEMBERSHIP. 

It  is  suggested  that  the  membership  of  the  Congress  be  divided 
into  delegated  members  and  members ;  that  the  dues  for  each 
shall  bo  $5  (five  dollars);  that  only  delegated  members  and 
members  be  admitted  to  the  meetings,  and  be  permitted  to  take 
part  in  the  discussions ;  that  any  one  shall  be  entitled  to  become 
a  member ;  that  delegated  members  shall  be  appointed  by  gov- 
emments,  physical  and  electrical  societies,  and  shall  be  ajiproved 
by  an  international  committee  whose  decision  shall  be  final ;  that 
questions  on  which  international  agreement  is  desired,  be  decided 
by  the  delegated  members,  whose  decisions  shall  be  submitted  ta 
the  whole  Congress  for  approval  or  rejection  in  part  or  in  whole, 
but  not  for  alteration. 

It  is  recommended  tliat  the  United  States  Government  be  re- 
quested to  extend  a  fonnal  invitation  to  foreign  governments, 
and  SiX^ieties  to  send  delegates  to  this  Congress. 
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By  a  resolution  adopted  at  tlie  meeting  of  the  General  Congress 
Committee  of  the  American  Institute  of  Electrical  Engineers, 
December  28th,  the  following  proposed  subjects,  suggested  by  a 
Sub-Committee  of  the  British  Royal  Commission  for  the  Chicago 
Exhibition,  were  ordered  to  be  published  with  this  report : 

Subjects  on  some  of  which  it  is  proposed  that  short  cmd 
suggestive  special  papers  might  he  read  hy  specially 
selected  members. 

Comparison  between  procedure  in  different  countries. 

Methods  of  avoiding  electrical  interference  and  risks  to  person  and 
property. 

Units  of  magnetic  quantities  and  mode  of  embodying  them  in  concrete 
standards. 

The  adoption  of  the  name  * '  henry  "  for  the  unit  of  self  and  mutual  induc- 
tion. 

Adoption  of  the  'i  kilowatt"  instead  of  the  '*  horse  power"  as  the  unit  of 
power. 

International  nomenclature  for  describing  phenomena  of  alternate  currents 
and  of  electro-magisetic  waves. 

National  and  municipal  testing  laboratories. 

Materials  for  standards  of  electric  resistance. 

Points  of  difference  of  the  electrical  vocabulary  U8ed  in  different  countries. 

7  he  direct  conversion  of  the  energy  of  fuel  into  electric  energy. 

Comparison  of  the  various  methods  employed  for  the  electric  transmission  of 
power. 

The  cost  of  insulation  in  relation  to  high  pressure  for  the  electric  transmis- 
sion of  power. 

Comparifion  of  the  economies  of  the  various  systems  of  electric  distribution. 

Alternate  current  motors. 

The  behavior  of  transformers  when  supplying  power  to  alternate  current 
motors. 
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The  construction  of  condensers  for  alternate  current  purposes. 

The  measurement  of  power  in  polyphase  currents. 

Direct  coupled  and  non-direct  coupled  dynamos. 

The  use  of  equalizing  dynamos  in  a  three  and  a  fiye-wire  system. 

The  use  of  accumulators  in  central  stations. 

The  proportions  between  output  of  dynamos  and  the  weight  of  copper  and 
iron  employed  in  their  construction. 

Electric  traction. 

Application  of  electric  power  in  mining. 

The  adoption  of  a  uniform  method  of  distinguishing  positive  and  negative 
mains. 

Electric  supply  meters— American.  British,  Continental. 

Criterion  of  sensibility  of  galvanometers. 

Commercial  instruments  for  measurement  of  electric  quantities. 

The  relation  between  the  voltage  of  the  arc  and  the  quality  and  composition 
of  the  carbons. 

The  aging  of  glow  lamps. 

The  electric  working  of  metals. 

The  use  of  electric  and  magnetic  tests  for  ascertaining  the  mechanical  pro- 
perties of  metals  and  alloys. 

The  best  material  and  mode  of  erection  of  lightning  conductors  in  the  light 
of  recent  researches  in  electric  discharges. 

The  prospecting  for  iron  by  magnetic  surveys. 

International  telegraphy. 

Fast-speed  and  long-distance  telegraphy. 

The  use  of  batteries  or  other  generators  for  telegraphy. 

Telegraphic  lines — land  and  sea. 

Harmonic  telegraphy. 

Writing  telegraphs. 

Long  distance  telephony. 

The  possibility  of  providing  telephonic  communication  without  wires. 

Application  of  electric  signaling  to  the  working  of  railways  (alaims,  time, 
etc.),  and  to  naval  and  military  purposes. 

Magnetic  separators. 

The  use  of  electricity  in  engraving  and  in  art  reproductions. 


[Supplement  to  Repokt  of  the  Sub-Committee  on  Provisional 
Phogramme  for  the  International  Eleotrical  Congress 
OF  1893.] 


APPENDIX  I. 

brief   summary   of   the   units,   terms,    symbols   and   DEFINITIONS 
ADOPTED   BY   PREVIOUS   ELECTRICAL   CONGRESSES. 

The  Paris  Congress  of  1881  adopted,  on  September  2l8t,  1881, 
the  following : 

The  f  andamental  units :  centimetre,  mass  of  a  gramme  and  the 
second,  for  electrical  measurements.  The  practical  units,  ohm 
and  volt,  defined  in  terms  of  the  absolute  units.  The  ampere 
defined  by  the  volt  and  the  ohm.  The  coulomb  defined  by  the 
ampere  and  the  second.  The  farad  defined  by  the  coulomb  and 
the  volt.  It  also  resolved  that  the  ohm  be  represented  by  a  col- 
umn of  mercury  of  one  square  millimetre  cross-section  at  0°  C, 
and  of  such  a  length,  to  be  determined  by  an  international  com- 
mission, that  its  resistance  be  equal  to  the  ohm. 

The  Paris  Conference  of  1884  adopted,  on  May  3d,  1884,  the 
following  : 

The  legal  ohm  of  106  centimetres.  The  ampere  defined  in 
terms  of  theabsolute  units.  The  volt' defined  by  this  ampere  and 
the  legal  ohm.  The  unit  of  light  defined  as  the  quantity  of  light 
emitted  perpendicularly  from  a  square  centimetre  of  platinum  at 
the  temperature  of  its  solidification.* 

At  the  Philadelphia  Conference,  in  1884,  it  was  proposed  to 
adopt  the  "watt,"  but,  from  the  official  records,  this  term  does  not 
ap]>ear  to  have  been  formally  adopted. 

The  Paris  Congress  of  1889  adopted,  on  August  31,  1889,  the 
following  : 

The  joule  defined  in  terms  of  the  absolute  units,  and  in  terms 
of  the  ampere,  ohm  and  second.  The  watt  in  terms  of  the  abso- 
lute units,  and  also  in  terms  of  the  joule  and  second.  The  bougie- 
decimale^  defined  as  the  twentieth  part  of  the  absolute  standard 

1.  The  name  *•  vioUe."  sometimes  applied  to  this  standard  of  light,  was  not 
adopted  by  this  Conference,  but  came  into  use  subsequently.  It  does  not 
apt  ear  to  have  been  formally  adopted  by  any  interuational  congress  TI  is 
standard  is  equal  to  about  2.08  carccls,  or,  approximately,  to  20  English 
candles. 

2.  The  bougie-decimale  is  a  close  approximation  to  the  English  standard 
candle,  as  also  to  one-tenth  part  of  a  carcel. 
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of  light  adopted  by  the  conference  of  1884.  The  quadrant  as  the 
practical  unit  of  induction,  defined  in  centimetres.  This  congress 
also  defined  the  following  terms : — The  period  of  an  alternating 
current  is  the  duration  of  one  complete  oscillation.  The  frequency 
is  the  number  of  periods  per  second.  The  mean  intensity  of  an 
alternating  current  is  defined  by  the  relation 


The  effective  intensity  is  the  square  root  of  the  mean  square  of 
the  intensity  of  the  current.  The  effective  e.  m.  f.  is  the  square 
root  of  the  mean  square  of  the  e.  m.  f.  The  apparent  resistance 
is  the  factor  by  which  the  effective  intensity  must  be  multiplied 
to  give  the  effective  e.  m.  f.  The  positive  pole  of  an  accumulator 
is  the  one  which  is  connected  to  the  positive  pole  of  a  dynamo 
during  the  charge,  and  is  the  positive  pole  during  the  discharge. 
The  term  interurban  is  to  apply  to  all  telephonic  communication 
between  two  subscribers  or  public  stations  belonging  to  different 
groups.  The  metallic  circuit  was  adopted  for  urban  telephone 
circuits  and  for  interurban  lines. 

The  Fmnkfort  Congress  of  1891  adopted,  on  September  12, 
1891,  the  following: 

Physical  quantities  shall  be  represented  in  italics.  Units  shall 
be  represented  in  Roman  type.  Physical  constants  and  anp^les 
shall  be  represented  by  Greek  letters.  The  practical  electrical 
units  shall  be  represented  by  their  initial  letters  in  Koman  capi- 
tals as  follows : — Ampere  by  A,  coulomb  by  C,  farad  by  F,  volt 
by  V,  joule  by  J,  ohm  by  O,  watt  by  W. 

The  proposition  made  by  Mr.  Hospitaller,^  to  establish  an 
international  system  of  notation,  abbreviations  and  symbols  was 
referred  to  a  committee,  to  report  at  the  next  congress. 

1.  Bee  Appendix  IV. 
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APPENDIX  II. 

The  following  is  taken  from  the  Report  of  the  Committee  of 
the  American  Institute  of  Electrical  Engineers,  on  "Units  and 
Standards.". 

List  of  New  Units  Pkaotically  Needed  for  Convenience  in 

Dealing  With  Magnetic  Circuits. 

Ist   Magneto-Motive  Force^  and  Difference  of  Magnetic  Potential, 
Simple  Definition. — ^The  analogue  in  a  magnetic  circuit  of 

voltage  in  an  electric  circuit. 
Strict  definition. — The  magneto-motive  force  in  a  magnetic 

circuit  is  4/T  multiplied  by  the  flow  of  current  linked  with 

that  circuit. 
The  magneto-motive  force  between  two  points  connected  by 

a  line,  is  the  line  integral  of  magnetic  lorce  along  that  line. 
Electro  magnetic  dimensional  formula,  l^  m^  t~^ 

The  absolute  unit  of  m.  m.  f.  is  j-  X  nnit  current  of  one  turn. 

The  practical  unit  is  r-^  X  ampere  of  one  turn,  or   one-tenth 

of  the  absolute  unit — i,  ^.,0.0706  ampere-tnm  gives  the  unit. 
The  prefix  kilo  would  perhaps  be  occasionally  used  for  prac- 
tical applications. 
2d.    Magnetic  Flux, 

Simple  definition. — Total  number  of  lines  of  force  or  total 
field. 

Strict  Definition. — The  magnetic  flux  through  a  surface 
bounded  by  a  closed  curve,  is  the  surface  integral  of  mag- 
netic induction  taken  over  the  bounded  surface,  and  when 
produced  by  a  current  is  also  equal  to  the  line  integral  of 
the  vector  potential  of  the  current  taken  round  the  bound- 
ary. 

The  uniform  and  unit  time  rate  of  change  in  flux  through  a 
closed  magnetic  circuit,  establishes  unit  electro-motive  force 
in  the  circuit. 

Electro-magnetic  dimensional  formula,  L    M     T  . 

The  absolute  unit  is  one  c.  g.  e.  line  of  induction. 

The  practical  unit  is  10*  c.  g.  s.  lines. 

Fluxes  range  in  present  practical  work  from  100  to  100,000,000 

c.  o.  8.  lines,  and  the  working  units  would  perhaps  prefix 

milli-  and  micro-. 
3d.    Ma^gnetic  Intensity^  or  induction  density. 
Simple  Definition.— Flux  per  sq.  cm. 
Strict  Definition. — ^The  induction  density  at  a  point  within  an 

element  of  surface  is  the  surface  differential  of  the  flux  at 

that  point. 
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£lectrr>-magnetic  dimensional  formnla,  L     M     T 
Abi^ilute  unit,  one  c.  o.  s  line  per  eq  centimetre. 
Pnurtical  unit,  10'  c.  o.  8.  lines  per  so.  cm. 
In  practice,  excluding  the  earth's  field,  intensities  range  from 

10«i  to  20,(^00  lines  per  sq.  cm.,  and  the  working  unit  would 

perhaps  have  the  prefix  milli-  or  micro-. 
4th.     Magnetic  RdueUince. 

Definition. — Unit  reluctance  in  a  magnetic  circuit  permits  unit 

magnetic  flux  to  traverse  it  under  the  action  oi  unit  mag- 

netoinotive  force. 

-I 

DimensionMl  fonnula,  L     M^  7*. 

The  practical  unit  is  1()^  the  absolute  unit. 

IteluctanceH  vary  in  present  practical  work  from  100,000  to 

100,nOi),00()oc  those  practical  units,  so  that  the  working  unit 

would  perhaps  employ  the  prefix  mega-. 

A.  E.  Kennelly,  Chairmam. 
Francis  U.  Crocker, 
Wm.  E.  Gkyer, 
Geo.  a.  Hamilton, 
Geo.  B.  Prescott,  Jr. 
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APPENDIX  III. 

The  following  specifications  are  those  contained  in  the  recent 
report  of  the  British  Board  of  Trade  Committee  on  Electrical 
Standards : 

Thb  Silver  Voltameter. 

In  the  following  specification,  the  term  silver  voltameter 
means  the  arrangement  of  apparatus  by  means  of  which  an  elec- 
tric current  is  passed  through  a  solution  of  nitrate  of  silver  in 
water.  The  silver  voltameter  measures  the  total  electrical  quan- 
tity which  has  passed  during  the  time  of  the  experiment,  and  by 
noting  this  time,  the  time-average  of  the  current,  or  if  the  current 
has  been  kept  constant,  the  current  itself  can  be  deduced. 

In  employing  the  silver  voltameter  to  measure  currents  of  about 
one  ampere,  the  following  arrangements  should  be  adopted  : — The 
cathode  on  which  the  silver  is  to  be  deposited  should  take  the 
form  of  a  platinum  bowl,  not  less  than  lO  cm.  in  diameter,  and 
from  4  cm.  to  5  cm.  in  depth.  The  anode  should  be  a  plate  of 
pure  silver,  some  30  square  cm.  in  area,  and  two  or  three  milli- 
metres in  thickness.  This  is  supported  horizontally  in  the  liquid 
near  the  top  of  the  solution,  by  a  platinum  wire  passed  through 
holes  in  the  plate  at  opposite  corners.  To  prevent  the  disinte- 
grated silver  which  is  formed  on  the  anode  from  falling  onto  the 
cathode,  the  anode  should  be  wrapped  around  with  pure  filter 
paper,  secured  at  the  back  with  sealing  wax.  The  liquid  should 
consist  of  a  neutral  solutionof  pure  silver  nitrate,  containing  about 
15  parts,  by  weight  of  the  nitrate,  to  85  parts  of  water.  The  re- 
sistance of  the  voliameter  changes  somewhat  as  the  current  passes. 
To  prevent  these  changes  having  too  great  an  effect  on  the  cur- 
rent, some  resistance  besides  tliat  of  the  voltmeter  should  be 
inserted  in  the  circuit.  The  total  metallic  resistance  of  the  circuit 
should  not  be  less  than  10  ohms. 

Method  of  Maki/ng  Measurement, — The  platinum  bowl  is 
washed  with  nitric  acid  and  distilled  water,  dried  by  heat,  and  then 
left  to  cool  in  a  desiccator.  When  thoroughly  dry,  it  is  weighed 
carefully.  It  is  nearly  filled  with  the  solution,  and  connected  to 
the  rest  of  the  circuit  by  being  placed  on  a  clean  copper  support, 
to  which  a  binding-screw  is  attached.  This  copper  support  must 
be  insulated.  The  anode  is  then  immersed  in  the  solution,  so  as 
to  be  well  covered  by  it,  and  supported  in  that  position  ;  the  con- 
nections to  the  rest  of  the  circuit  are  made.  Contact  is  made  at  the 
key,  noting  the  time  of  contact.  The  current  is  allowed  to  pass  for 
not  less  than  half  an  hour,  and  the  time  at  which  contact  is  broken 
is  observed.  Care  must  be  taken  that  the  clock  used,  is  keeping 
correct  time  during  this  interval.  The  solution  is  now  remove 
from  the  bowl,  and  the  deposit  is  washed  with  distilled  water,  an 
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eft  to  soak  for  at  least  six  liours.  It  is  then  rinsed  successively 
witli  distilled  water  and  absolute  alcohol,  and  dried  in  a  hot-air 
bath,  at  a  temperature  of  about  160  deg.  C.  After  cooling  in  a 
desiccator,  it  is  weighed  again.  The  gain  in  weight  gives  the 
silver  deposited. 

To  find  the  current  in  amperes,  this  weight,  expressed  in 
grammes,  must  be  divided  by  the  number  of  seconds  during 
which  the  current  has  been  passed,  and  by  .001118.  The  result 
will  be  the  time-average  of  tne  current,  if  during  the  interval  the 
current  has  varied. 

In  determining  by  this  method  the  constant  of  an  instrument 
the  current  should  be  kept  as  nearly  constant  as  possible,  and  the 
readings  of  the  instrument  taken  at  frequent  observed  intervals 
of  time.  These  observations  give  a  curve  from  which  the  reading 
corresponding  to  the  main  current — time-average  of  the  current 
— can  be  found.  The  current,  as  calculated  by  the  voltameter, 
corresponds  to  this  reading. 

The  Clark  Cell. 

Deji/nitimi  of  t/ie  Cell, — The  cell  consists  of  zinc  and  mercury 
in  a  saturated  soliition  of  zinc  sulphate  and  mercurous  sulphate  in 
water,  prepared  with  mercurous  sulphate  in  excess,  and  is  conven- 
iently contained  in  a  cylindrical  glass  vessel. 

Preparation  of  the  Matei^ials : — 

1.  The  Mercury, — To  secure  purity  it  should  be  first  treated 
with  acid  in  the  usual  manner,  and  subsequently  distilled  in 
vacuo. 

2.  The  Zinc, — Take  a  portion  of  a  rod  of  pure  redistilled  zinc, 
solder  to  one  end  a  piece  of  copper  wire,  clean  the  whole  with 

flass  paper,  carefully  removing  any  loose  pieces  of  the  zinc, 
ust  before  making  up  the  cell,  dip  the  zinc  into  dilute  sulphuric 
acid,  wash  with  distilled  water,  and  dry  with  a  clean  cloth  or 
filter  paper. 

3.  The  Zinc  Sulphate  Solution. — Prepare  a  saturated  solution 
of  pure  ("  pure  recrystallized  ")  zinc  sulphate  bv  mixing  in  a  flask 
distilled  water  with  nearly  twice  its  weight  of  crystals  of  pure 
zinc  sulphate,  and  adding  zinc  oxide  in  the  proportion  of  about 
2  per  cent,  by  weight  of  the  zinc  sulphate  crystals  to  neutralize 
any  free  acid.  (See  notes  below.)  The  crystals  should  be  dis- 
solved with  the  aid  of  gentle  heat,  but  the  temperature  to  which  the 
solution  is  raised  should  not  exceed  30  des^.  C  Mercurous  sul- 
phate treated  as  described  in  paragraph  4  should  be  added  in  the 
proportion  of  about  12  per  cent,  by  weight  of  the  zinc  sulphate 
crystals,  and  the  solution  filtered  while  still  warm,  into  a  stock 
bottle.     Crystals  should  form  as  it  cools. 

4.  The  Mercurous  Sulphate. — Take  mercurous  sulphate,  pur- 
chased as  pure,  and  wash  it  thoroughly  with  cold  distilled  water, 
by  agitation  in  a  bottle ;  drain  oflE  the  water,  and  repeat  the  pro- 
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cess  at  least  twice.  (See  notes  below.)  After  the  last  wasliing 
drain  oflE  as  much  of  the  water  as  possible.  Mix  the  washed 
mercurous  sulphate  with  the  zinc  sulphate  solution,  adding  suffi- 
cient crystals  of  zinc  sulphate  from  the  stock  bottle  to  insure 
saturation,  and  a  small  quantity  ot  pure  mercury.  Shake  these 
np  well  together  to  form  a  paste  of  the  consistence  of  cream. 
Heat  the  paste,  but  not  above  a  temperature  of  30  deg.  C.  Keep 
the  paste  for  an  liour  at  this  temperature,  agitating  it  from  time 
to  time,  then  allow  it  to  cool;  continue  to  shake  it  occasionally 
while  it  is  cooling.  Crystals  of  zinc  sulphate  should  then  be  dis- 
tinctly visible,  and  should  be  distributeJ  throughout  the  mass ; 
if  this  is  not  the  case  add  more  crystals  from  the  stock  bottle, 
and  repeat  the  whole  process.  This  metliod  ensures  the  form- 
ation of  a  saturated  solution  of  zinc  and  mercurous  sulphates  in 
water.  Contact  is  made  with  the  mercury  by  means  of  a  plati- 
num wire  about  No.  22  gauge.  This  is  protected  from  contact 
with  the  other  materials  of  the  cell  by  bemg  sealed  into  a  glass 
tube.  The  ends  of  the  wire  project  from  the  ends  of  the  tube  ; 
one  end  forms  the  terminal,  tlie  other  end  and  a  portion  of  the 
glass  tube  dip  into  the  mercury. 

To  Set  Up  the  CeV, — The  cell  may  conveniently  be  set  up  in 
a  small  test  tube  of  about  2  cm.  diameter,  and  H  cm.  or  7  cm. 
deep.  Place  the  mercury  in  the  bottom  of  this  tube,  filling  it  to 
a  depth  of  say  1.5  cm.  Cut  a  cork  about  .5  cm.  thick  to  Kt  the 
tube ;  at  one  side  of  the  cork  bore  a  hole  through  which  the  zinc 
rod  can  pass  tightly ;  at  the  other  side  bore  another  hole  for  the 
glass  tube  which  covers  the  platinum  wire  ;  at  the  edge  of  the 
cork  cut  a  nick  through  which  the  air  can  pass  when  the  cork  is 
pushed  into  the  tube.  Wash  the  cork  thoroughly  with  warm 
water,  and  leave  it  to  soak  in  water  some  hours  before  use.  Pass 
the  zinc  rod  about  1  cm.  through  the  cork. 

Clean  the  glass  tube  and  platinum  wire  carefully,  then  heat  the 
exposed  end  of  the  platinum  red-hot,  and  insert  it  in  the  mercury 
in  the  test-tube,  taking  care  that  the  whole  of  the  exposed  plati- 
num is  covered.  Shake  up  the  paste  and  introduce  it  without 
contact  with  the  upper  part  of  the  walls  of  the  test  tube,  filling  the 
tube  above  the  mercury  to  a  depth  of  rather  more  than  2  cm. 
Then  insert  the  cork  and  zinc  rod,  passing  the  glass  tube  through 
the  hole  prepared  for  it.  Push  the  cork  gently  down  until  its 
lower  surface  is  nearly  in  contact  with  the  liquid.  The  air  will 
thus  be  nearlv  all  expelled,  and  the  cell  should  be  left  in  this  con- 
dition for  at  least  24:  hours  before  sealing,  which  should  be  done 
as  follows  : — Melt  some  marine  glue  until  it  is  fluid  enousch  to 
pour  by  its  own  weight,  and  pour  it  into  the  test  tube  above  the 
cork,  using  sufficient  to  cover  completely  the  zinc  and  soldering. 
The  glass  tube  should  project  above  the  top  of  the  marine  glue. 

TJie  cell  thus  set  up  may  be  mounted  in  any  desirable  manner. 
It  is  convenient  to  arrange  the  mounting  so  that  the  cell  may  be 
immersed  in  a  water-bath  up  to  the  level  of,  say,  the  upper  sur- 
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face  of  the  cork.  Its  temperature  can  then  be  determined  more 
accurately  than  is  possible  when  the  cell  is  in  air.  In  using  the 
cell,  sudden  variations  of  temperature  should,  as  far  as  possible^ 
be  avoided. 

Notes. 

Tlie  Zinc  Suf/phate  Solution. — The  object  to  be  attained  is  the 
preparation  of  a  neutral  solution  of  pure  zinc  sulphate  saturated 
with  ZnS04  7  H2O.  At  temperatures  above  30  deg.  C,  the  zinc 
sulphate  may  crystallize  out  in  another  form  ;  to  avoid  this,  30 
deg.  C.  should  be  the  upper  limit  of  temperature.  At  this  tem- 
perature, water  will  dissolve  about  1.9  times  its  weight  of  the 
crystals.  If  any  of  the  crystals  put  in,  remain  undissolved,  they 
will  be  removed  by  the  filtration.  The  amount  of  zinc  oxide  re- 
quired, depends  on  the  acidity  of  the  solution,  but  two  per  cent, 
will,  in  all  cases  which  will  arise  in  practice  with  reasonably  good 
zinc  sulpliate,  be  ample.  Another  rule  would  be  to  add  the  zinc 
oxide  gradually,  until  the  solution  became  slightly  milky.  The 
solution,  when  put  into  the  cell,  should  not  contain  any  free  zinc 
oxide;  if  it  does  then,  when  mixed  with  the  mercurous sulphate, 
zinc  sulphate  and  mercurous  oxide  are  formed  ;  the  latter  may 
be  deposited  on  the  zinc  and  aflEect  the  e.  m.  f.  of  the  cell.  The 
difficulty  is  avoided  by  adding,  as  described,  about  12  per 
cent,  of  mercurous  sulphate  before  filtration;  this  is  more 
than  sufficient  to  combine  with  the  whole  of  the  zinc  oxide  origi- 
nally put  in,  if  it  all  remains  free  ;  the  mercurous  oxide  formed, 
together  with  any  undissolved  mercurous  sulphate,  is  removed  by 
the  filtration. 

The  Mercxirovs  Sulphate. — The  treatment  of  the  mercurous 
sulphate  has  for  its  object  the  removal  of  any  mercuric  sulphate 
which  is  often  present  as  an  impurity.  Mercuric  sulphate  decom- 
poses in  the  presence  of  water  into  an  acid  and  a  basic  sulphate. 
The  Litter  is  a  yellow  substance — turpeth  mineral — practically  in- 
soluble in  water;  its  presence,  at  any  rate,  in  moderate  quantities 
has  no  eflEect  on  the  cell.  If,  however,  it  is  formed,  the  acid  sul- 
phate is  formed  also.  This  is  soluble  in  water,  and  the  acid  pro- 
duced affects  the  e.  m.  f.  The  object  of  the  washings  is  to 
dissolve  and  remove  this  acid  sulphate,  and  for  tiiis  purpose  the 
three  washings  described  in  the  specification  will,  in  nearly  all 
cases,  suffice.  If,  however,  a  great  deal  of  the  turpeth  mineral  is 
formed,  it  shows  that  there  is  a  great  deal  of  the  acid  sulphate 
present,  and  it  will  then  be  wiser  to  obtain  a  fresh  sample  of  mer- 
curous sulphate,  rather  than  try  by  repeated  washings  to  get  rid 
of  all  the  acid.  The  free  mercury  helps  in  the  process  of  remov- 
ing the  acid,  for  the  acid  mercuric  sulphate  attacks  it,  forming 
mercurous  sulphate  and  acid,  which  is  washed  away.  The  cell 
may  be  sealed  in  a  more  permanent  manner  by  coating  the  marine 
glue,  when  it  it  set,  with  a  solution  of  sodium  silicate,  and  leaving 
it  to  harden. 
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APPENDIX  V. 

The  following  is  taken  from  the  report  of  the  Committee  of 
the  American  Institate  of  Electrical  Engineers. 


REPORT    OF     THE     STANDARD    WIRING    TABLE 

COMMITTEE. 


Matthiessen's  Standard  of  Resistanob  of  Coppeb. 


Revised  hy  the  Committee  on  Units  and  Standards. 


The  Council  of  the  American  Institute  of  Electrical  Engineers, 
at  its  regular  monthly  meeting  held  December  3d,  1889,  appointed 
a  Committee  "  To  formulate  and  submit  for  approval  a  Standard 
Wiring  Table  for  lighting  and  power  purposes." 

The  Committee  appointed  consisted  of  the  following  members 
of  the  Institute : — Tnomas  P.  Conant,  Dr.  Louis  Duncan,  Prof. 
Wm.  E.  Geyer,  A.  E.  Kennelly,  Geo.  B.  Prescott,  Jr.,  E. 
Wilbnr  Rice,  Jr.,  Prof.  E.  P.  Roberts,  Prof.  Harris  J.  Ryan, 
William  Stanley,  Jr.,  Dr.  Schuyler  S.  Wheeler,  and  Francis  B. 
Crocker,  Chairman. 

This  action  was  taken  by  the  Council  with  the  object  of  over- 
coming or  reducing  the  great  confusion  which  now  exists  in 
regard  to  the  standards  and  constants  of  electrical  conductors. 

At  the  first  meeting  of  the  Committee,  held  January  10,  ls90, 
it  was  decided  to  confine  the  work  for  the  present  to  the  three 
subjects  of  "Standard  of  Resistance,"  •'Temperature  Co-eflicient" 
and  "Safe  Carrying  Capacity  of  Copper,"  since  these  are  of 
fundamental  importance. 

The  subject  of  "  Matthiessen's  Standard  "  alone  is  so  confused 
and  involved,  and  the  discrepancies  in  regard  to  it  are  so  great 
between  the  best  authorities,  as  shown  by  the  accompanying 
table  No.  1,  that  the  Committee  has  devoted  its  attention  almost 
entirely  to  this  subject  up  to  the  present  time. 
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Table  No.  I. 

Table  of  valuations  for  the  Specific  Kesistance  of  Pure  Cop- 
per at  0^  (7.  in  Legal  Microhms,  selected  from  various 
electrical  papers  and  text-books. 


AUTHORITY. 


Blatthiessen,  Phil.  Mag.,  1865,  No.  1   ... 

'*       No.  a  .. 

"  B.  A.  Report,  1864,  No.  3. . 

F.  Jenkin's  "Electricity  &  Ma  netism.'*  » 
'*        A  b.  A.  Report.   1873         ) 

EverettV'Units&Phys'lConstants.'iSSe 


Gordon 


*C.  G  S.  System  Unit,"  xSoi  . . 
"Klectricity  &  M  agnetism,  '  1880 


MaxweU's  "Electricity,"  1881 

Mascart    &    joubert,    '^Electricity    and 

Magnetism,"  1888 

Gray's  "Absolute  Meas.,"  i388  


tt 


ti 


Ayrton's  "Practical  Electricity''  .     

Stewart  &  Gee's  "Practical  Physics" . . . 

Hospitaller,  "Formulairc."  1891 

Munro  &  Jamieson's  pocket  book,  1891, 

p.  189  and  p.  194  b    

Munio  &  Jamieson  s  pocket  book,  1891, 


p.  «94  a. 
r.  Fler 


[Dr.  Fleming  "Elec.rician,"  London.  Vol 
I        XX.,  p.  471  ...  . . 

|W.  H.  Precce,  Paper,  London  Inst  ,  E 

I        E..  Dec.  loth,  'o' 

iAnth>ny  &    Brackett,     "  Text- Book  01 

I        Physics",  1887 

Slingoft llrooker's" Elec  Engineer'^."  189c 

Houston'^  Dictionary  of  Elec.  Terms,  i88q 

Boult's     Comprehensive       International 

Wire  Table,  1890 


Sp.  Res.  of  Copper 


Hard. 


1.024      I 
1.634      I 


1-634 

1.61X 
1.630 
1.616 
1.634 

1.^24 

I  fai 

1.^.34 
1.6^4 

1.64a 

1.624 

X.6I6 


X.634 


Soft. 


l.59« 
1.598 


1.584 
1.58^' 
1.598 


"584 
J. 598 


X.598 
x.59« 


1.615 
1.598 

1.580 

X.61T 

*.5q8 
x.5s8 

1-557 


PROBABLE  SOURCK 


Table  No  II.,  p.  362. 
*  Mette-Gramrae   standard.   Table 

No.  Ill  ,  p.  36^. 
Standard  Mi  e  Unit  corrected  for 

temp.  (i5.5''cV 
Matth  lessen' sStandard  for  copper, 

other  values  in  same  report, 

from  lead  standard. 
Based  on  mercuiy  ohm=94,340. 
!  Jenkin's  table. 
I 

I  From  F.ve'ett's"  Units  and  Physi- 
I        cal  Constants,"  ist  edition. 
Matihiessen's  No.  i. 


Matthiessen's  No.  1. 

Jenkin's  table  of    Matthiessen's 

No.  3  value. 
Wire    table    from     Matthiessen's 

No.  1  value. 


Matthiessen's  No.  9. 
Matthiessen's  No.  x. 


F.  Jenkin. 
F.  Jenkin. 

Matthiessen's  mile  standard. 


^Standard  recommended  by  committee. 


The  Committee  after  careful  consideration  came  to  the  con- 
clusion that  Matthiessen's  "  mile-standard  "  (one  statute  mile  of 
copper  wire  y^^  i^^'^  ^^  diameter  having  a  resistance  of  1 3.r»9  B.  A. 
units  at  15.5**  C)  is  not  the  correct  one,  although  very  commonly 
used.  Matthiessen  himself  did  not  place  much  confidence  in  this 
"mile-standard."  The  Committee,  acting  under  instructions 
from  a  meeting  of  the  Institute,  held  September,  1 890,  has  ba^ed 
all  standards  and  values  in  this  report  upon  soft  or  annealed 
copper,  since  its  properties  are  reasonably  constant  and  reliable. 
It  has  purposely  excluded  from  its  recommendations  all 
standards  and  values  based  upon  hard  copper,  although 
several  were  given  by  Matthiessen,  because  the  hardness  of 
copper  is  merely  relative,  and  the  resistance  of  hard  copper  may 
vary  between  wide  and  uncertain  limits  depending  upon  the 
degree  of  hardness. 
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As  to  the  fact  often  brought  up  that  copper  may  be  found 
which  shows  one  or  two  per  cent,  nigher  conductivity  or  less  re- 
sistance than  Matthiessen's  standard,  we  are  of  the  opinion  that 
this  is  no  real  objection  provided  the  value  of  the  standard  is 
definite  and  generally  accepted.  A  standard  which  is  not  the 
highest  attainable  value  may  even  be  considered  an  advantage 
since  the  average  commercial  wires  will  approximate  to  it  more 
closely. 

Although  we  believe  the  standard  we  recommend  will  answer 
the  purpose  temporarily  and  probably  permanently,  nevertheless 
we  think  that  if  a  thoroughly  correct  and  complete  redetermina- 
tion of  the  standard  resistance  of  copper  could  be  accom- 
plished, it  would  be  a  benefit  to  electrical  science  and  industry. 
Favorable  offers  in  this  direction  have  already  been  received  by 
this  Committee  from  Johns  Hopkins  University,  Cornell  Univer- 
sity, and  Columbia  College,  and  it  is  likely  that  this  redetermina- 
tion may  be  undertaken. 

The  following  statement  of  the  most  important  and  reliable 
figures  and  facts  given  by  Matthiessen  will  serve  to  show  the 
derivation  of  the  standard  which  we  recommend. 

A  hard-drawn  copper  wire  1  metre  long  weighing  1  gramme 
("metre gramme")  lias  a  resistance  of  .I4»i9  B,  A,  unit  at  the 
temperature  of  0  °  centigrade.^ 

Matthiessen  also  gives  the  resistance  of  a  hard-drawn  copper 
wire  1  metre  long  and  1  millimetre  in  diameter  ("metre  milli- 
metre") as  .02104^.  A.  unit  at  0*>  C 

This  implies  a  specific  gravity  of  8.89  for  the  copper  used  by 
Matthiessen,  but  unfortunately  he  neglected  to  actually  deter- 
mine the  specific  gravity. 

Matthiessen's  figures  for  relative  conducting  power  are  : ' 

Silver 100 

Hard  or  unannealed  copper 99.95 

Soft  or  annealed  copper 102.21 

From  this  the  resistance  of  Matthiessen's  hard  copper  is 
found  to  be  1.0226  times  that  of  soft  copper,  therefore,  tne  re- 
sistance of  a  soft  copper  wire  1  metre  long,  weighing  1  gramme 
'•metre  gramme"  is  (».14365  B,  A.  unit  at  0°  U.,  and  this  is  the 
fundamental  standard  recommended  by  the  Committee. 

From  this  standard,  with  the  specific  gravity  of  copper  8.89 
assumed  by  Matthiessen,  are  derived  the  following  sub-standards: 

A  soft  copper  wire  1  metre  long  and  1  millimetre  in  diame- 
ter ("metre-millimetre")  has  a  resistance  of  0.02057  B,  A.  unit 
at  0  <>  C. 

A  cubic  centimetre  of  soft  copper  has  a  resistance  of 
0.00O001616  B.  A.  unit  at  0  <^  C. 

1  Philosophical  MaKa7ine,  May.  1865. 

2  PhiloBophical  Transactions,  1864. 
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A  soft  copper  wire  one  foot  loDg,  and  one  thousandth  of  an  inch 
in  diameter  ^'*mil-foot")  has  a  resistance  of  9.720  B.  A.  units 
atO^C. 

Taking  one  B.  A,  unit  as  .9889  legal  ohm  or  0.^866  new  stand- 
ard ohm,  any  of  the  above  values  may  be  converted  into  these 
units. 

Table  No.  II. 
Matthiessen's  Standard  recommended  by  the  Committee. 


B.  A.  U. 

Legal  Ohms. 

New  Ohms. 

Equivalent  lenfrth  of  a  sq.  mm. 
mercury  column. 

104.8  cms. 

106.0  cms. 

Z06.3  cms. 

Renounce  at  o<>  C.  of 
Matthieaien*8  Standard—'*  Metre- 
Gramme  "  Soft  Copper 

*' Metre-Millimetre  "Soft  Copper. 

"Cubic  Centimetre"    " 

**MU.Foot" 

.14365 
.OM57 
.000001616 
9.7a 

.14906 
.09035 
.000001598 
9.619 

0x4173 
0.09030 

0.00000x594 
9-59 

The  conductivity  of  copper  at  temperatures  other  than  0°  centi- 
grade may  be  determined  by  using  Matthiessen's  formula 
(7t  =  (?o  ( 1  —  .003b7  t  +  .00u009(»0y  t^)  m  which  Ct  is  the 
conductivity  at  the  given  temperature,  C  o\%  the  conductivity  at 
0  **  and  t  is  the  given  temperature  in  degrees  centigrade.  It 
should  be  carefully  noted,  however,  that  this  formula  refers  to 
condxvctivity.  Therefore  in  order  to  apply  it  to  resistance  it  is 
necessary  to  take  the  reciprocal  and  this  should  not  be  done  by 
merely  changing  signs,  which  is  not  mathematically  correct 
although  often  given  in  that  way.  The  correct  modification  of 
Matthiessen's  formula  when  referred  to  resistance  is  difficult  to 
express  accurately  for  any  considerable  range  of  temperature 
without  increasing  the  number  of  terms  in  the  formula,  which 
would  be  very  objectionable  for  practical  work.  The  Committee 
has  therefore  calculated  a  table  of  temperatui'e  coefficients  within 
the  range  of  ordinary  requirements.  This  seems  to  be  the  best 
plan  to  secure  accuracy  and  convenience. 
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Table  No.  III. 

Table  of  Temperature  Tariations  in  the  Besiatance  of  Pnre 
Soft  Coppar  according  to  Matthiessen's  standard  and  formnlse. 
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Kespectfally  gnbmitted, 

FRANoia  B.  Crocker, 

L0UI8  Ddncan,  E.  Wilbur  Rice,  Jr., 

Wm.    E.    GeYEE,  E.    p.    IIOBEBTS, 

A.  E.  Kennellt,  Harrih  J.  Kyan, 

Geo.  B.  Presoott,  Jr.,  Wm,  Stanley,  Jr., 

Schuyler  S.  Wheeler, 

Committee  on  Standard  Wiring  Table. 
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The  report  of  the  "Standard  Wiring  Table  Committee"  pre- 
sented at  a  meeting  of  the  Institute  Nov.  18th,  1890,  was  refer- 
red by  the  Council  to  the  regular  committee  on  "Units  and  Stand- 
ards, and  has  been  somewhat  modified,  particularly  in  regard  to 
the  correction  for  temperature. 

'  A.  E.  Kennelly,  Chairmom^ 
Francis  B.  Crocker, 
William  E.  Geyer, 
Geo  a.  Hamilton, 
Geo  13.  Prescott,  Jr. 


Committee  on  Units 
and  Standards. 


Appendix  IV.  embodying  an  international  system  of  notation 
and  conventional  symbols  for  designating  different  quantities, 
suggested  to  the  last  Congress  by  Mr.  E.  Hospitalier  of  Paris  will 
be  published  hereafter. 

Carl  Hering, 
Chairman^  SidhCommittee 

on  Provisional  Programme, 


AMERICAN    INSTITUTE    OF    ELECTRICAL 

ENGINEERS. 

New  York,  January  17th,  1893. 

The  seventy-third  meeting  of  the  Institute  was  held  this  date, 
at  12  West  Thirty-lirbt  street.  The  Secretary  of  the  Institute 
called  the  meeting  to  order,  and  said :  1  have  just  received  a  note 
from  President  Sprague,  saying  that  he  was  just  out  of  a  sick-bed 
and  expected  to  be  ordered  back  again,  and  that  it  would  not  be 
prudent  for  him  to  be  out  this  evening.  We  have  with  us  the 
senior  Vice-President,  from  Boston,  Mr.  Lockwood,  who,  I  pre- 
sume, will  be  willing  to  take  the  Cliair,  as  he  has  frequently 
done. 

At  the  meeting  of  Council  this  afternoon  the  following  associ- 
ate members  were  elected. 


Name.  Addrras. 

Corson.  Willjam  R.  C.    Assistant  Electrician,  The 


Low,  George  P. 


SCHREITER,   HeINR 


See,  a.  B. 


Total,  4. 


Eddy  Electric  Mfg.  Co., 

Windsor,  Conn. 

Electrical  Inspector.  Pacific  In- 
surance Union.  307  SansomeSt., 
San  Francisco.  Cal. 

Editor,  Der  Techniker^ 

II  Chambers  Street,       F,  W.  Tischendoerfer. 
New  York  City.  Ralph  W.  Pope. 

A.  B.  See  Manufacturing  Co.,  T.  C.  Martin. 

1235  Bedford  Ave.,  Joseph  Weztler. 

Brooklyn,  N.  Y.  Ralph  W.  Pope. 


Endorsed  by 

H.  S.  Rodgers 

H.  G.  Reist. 

Franklin  Sheble. 

W.  F.  C.  Ilasson. 

Horace  B.  Gale. 

F.  G   Cartwright. 

C.  P.  Steinmetz. 


The  following  associate  members  were  transferred  to  full  mem 
bership. 


Churchill,  Arthur 

Herrick.  Charles  H. 

Wells,  Douglas 

Scott,  Charles  F. 

Marvin,  Harry  N. 
Total,  5. 


Electrician.     Cable    and    Wire     Department,     General 
Electric  Co.,  Schenectady.  N.  Y. 

Manager  and  Engineer,   Wright  Engineering  Co  ,  196 
Summer  St.,  Boston,  Mass. 

Late  Supt.  of  Telegraphs  and  Engineer  to  Government. 
Nassau.  Bahamas. 

Assistant  Elfctrician,  Westinghouse  Electric  and  Mfg. 
Co.,  Pittsburg.  Pa. 

In  Electric  Percussion  Drill  Work,  General  Electric  Co., 
Schenectady.  N.  Y. 
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Ms.  LooKWooD,  upon  taking  the  Chair,  said  : 

Gentlemen,  Members  of  the  Institute  and  guests:  as  Mr. 
Haskins,  the  speaker  of  the  evening,  comes  from  Kew  England, 
it  seems  perhaps  in  order  that  a  brother  of  the  Eastern  Star,  like 
myself,  snould  preside  this  evening,  and  hence  I  have  less  hesita- 
tion in  presiding  than  I  otherwise  should  have. 

Some  of  you  may  have  already,  from  advance  copies,  read  the 
paper.  All  of  us,  I  am  sure,  will  be  interested  in  lollowing  Mr. 
Haskins  as  he  reads  his  paper ;  and  although  he  stated  to  me 
a  few  moments  ago  that  he  was  something  of  a  crank  on  meters, 
I  would  like  to  remark  before  he  starts  that  we  must  not  forget 
that  it  is  the  cranks  that  make  the  wheels  go  round.  With  these 
few  preliminary  remarks,  I  commend  him  to  your  tender  mercies, 
and  I  am  sure  he  will  feel  that  the  more  thoroughly  you  discuss 
his  paper  after  he  finishes  reading  it,  the  better  he  will  like  it. 
There  is  nothing  equal  to  a  counter-irritant  for  getting  all  the 
real  (]^ood  there  is,  out  of  a  medicine. 


A  paper  prtstmitd  at  th*  S*v*mty^kird  Meet- 
ing  0/  tkt  Atmerican  Inst  Hut*  0/  EUetrical 
Enginter*^  New  Yprk^  January  17,  1893.1  ^icf- 
Prtsident  Loekvf^odin  the  Chair. 


ELECTKICAL  KECORDING  METERS. 


BY    CARYL   D.    HASKINS. 


It  was  mj  first  intention  to  present  this  paper  on  "  Electrical 
Recording  Meters "  or  '*  Electricity  Meters "  in  the  form  of  a 
strictly  technical  monograph,  dealing  with  each  of  the  more 
prominent  theories  of  meter  construction  separately  and  fully. 
Upon  outlining  this  plan,  it  at  once  became  evident  that  to  do  so 
I  should  be  obliged  to  devote  some  four  or  five  hundred  pages 
of  closely  written  manuscript  to  my  subject  matter,  and  should 
have  been  obliged  to  deliver  the  final  three  quarters  of  my  paper 
during  the  early  morning  hours  succeeding  the  session.  I  there- 
fore changed  my  plan,  and  now  propose  to  briefly  describe  and 
discuss  the  leading  elements  which,  singly  or  combined,  have 
gone  to  make  up  the  typical  meters  which  have  been  presented  to 
the  public  up  to  the  present  time.  I  find  myself  limited  to 
generalities,  and  strictly  technical  considerations  have  necessarily 
been  neglected  that  the  field  might  be  approximately  covered. 

A  brief  history  of  the  evolution  of  the  electric  meter  would  be 
very  appropriate,  but  repetition  is  odious,  and  I  beg  to  refer  all 
who  are  interested  in  the  early  history  and  genealogy  of  the 
meter  to  that  most  interesting  and  complete  paper  on  this 
subject  read  before  the  Institute  ^  by  Mr.  George  W.  Walker, 
May  2l8t,  1891. 

The  earliest  meter  patent  was  granted  in  1872  to  Mr.  S. 
Gt«*diner,  Jr.,  of  New  York  City,  and  the  principle  of  a  magnetic  or 
electro-magnetic  release  for  a  simple  clock  movement,  is  pre- 
served in  two  or  three  so-called  time-counters  to-day,  and  is 
doubtless  very  useful  for  many  purposes ;  as  for  example  in  the 
Spaulding  clock  for  registering  the  hours  of  use  of  a  motor,  or  in 

1.  Transactioiui,  vol.  viii.,  p.  851. 
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other  similar  devices  for  registering  the  hours  of  use  of  arc 
circuits.  These  devices  I  shall  neglect ;  they  are  not  meters 
within  the  true  sense  of  the  word,  and  their  simplicity  is  obvious. 
Before  undertaking  any  description,  a  few  words  may  \ye  ap- 
propriately devoted  to  the  question  of  the  unit  by  which  it  is 
most  desirable  to  measure  electrical  power  in  use. 

The  ampere  has  been,  perhaps  is  to-day,  the  popular  unit  for  the 
measurement  pi  electricity  supplied  ;  yet,  on  careful  considera- 
tion, how  very  meaningless  for  work  of  this  kind,  is  the  ampere 
unit.  It  would  only  find  a  parallel  in  the  very  ingenious  early 
settler  of  Maryland,  who  bought  six  linear  miles  of  land  from 
the  trusting  Indians. 

Had  we  but  one  standard  voltage  in  use  for  lighting  and  for 
power,  and  for  other  purposes,  no  unit  could  be  better  than  the 
ampere-hour  for  meter  measurement ;  but  unfortunately  or  for- 
tunately, as  the  case  may  be,  there  is  scarcely  a  potential,  between 
5  and  2,000  volts,  which  does  not  more  or  less  imperatively  call 
for  measurement  by  meter  to  day,  and  if  the  ampere  unit  is  to 
be  retained,  then  it  will  become  necessary  to  reconcile  ourselves 
to  the  use  of  an  endless  number  of  constants,  or  to  a  still  more 
endless  schedule  of  ampere-hour  rates. 

We  wish  to  measure  power  delivered;  in  fact  we  wish  to 
know  how  much  coal  a  group  of  lamps  is  consuming.  This 
points  directly  to  the  watt,  and  I  venture  to  assert  that  careful 
consideration  will  invariably  show  that  the  watt  is  the  only  true 
unit  for  the  measurement  of  electricity  by  meter.  Unless,  per- 
chance, we  adopt  the  cubic  foot,  as  has  at  least  cme  central  station 
in  the  United  States;  a  very  amusing  but  equally  practical 
demonstration  of  American  ingenuity. 

The  earliest  successful  meters  if  we  consider  classes  rather 
than  individual  instruments,  were  the  chemical  meters,  closely 
followed  by  thermo-meters. 

The  chemical  meter  is  obviously  capable  of  giving  most 
accurate  results:  in  fact,  with  proper  manipulation,  it  is  very 
doubtful  whether  any  measuring  device,  which  has  up  to  to-day 
been  designed,  could  more  correctly  sum  up  passing  current.  It 
is  in  the  manipulation  and  care  which  such  meters  require,  that 
their  fault  lies — if  fault  there  be. 

It  will  be  useless  for  me  to  waste  the  time  and  patience  of  my 
kind  listeners,  by  describing  to  them  the  eminently  successful 
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and  generally  popular  Edison  chemical  meter,  and  I  will  not 
attempt  to  do  so.^ 

An  electro-plating  bath  in  its  meter  form  as  generally  nsed, 
does  not,  however,  give  a  dial  indication,  and  the  consumers  ask 
for  a  dial  indication  almost  invariably,  unless  they  have  already 
become  thoroughly  familiarized  with  Edison  meters  as  used  by 
many  large  Edison  stations. 

Many  very  ingenious  and  some  quite  saccessful  attempts  have 
been  made  to  actuate  a  train  of  gears  by  the  electro-deposition  of 
an  electrolytic  bath.  Thus,  we  have  two  electrodes  suspended  at 
the  opposite  ends  of  a  walking-beam,  as  shown  in  Fig.  1.     This 


Pig.  1. 

walking-beam  is  in  various  ways  connected  with  a  pole-changer, 
and  as  but  a  small  portion  of  the  current  being  measured,  passes 
through  the  true  meter  (for  of  course  almost  all  chemical  meters 
are  shunted)  the  pole-changer  is  not  perhaps  a  very  serious  objec- 
tion *^ 

The  action  of  such  a  meter  as  this  is  obvious ;  we  have  a  de- 
posit from  one  electrode  onto  the  other,  until  the  second  electrode 
becomes  the  heavier,  when  the  beam  tips  and  the  recording 
device  is  set  one  notch  ahead,  the  pole-changer  is  thrown  over, 
and  the  deposit  takes  place  in  an  opposite  direction,  the  former 
plus  electrode  becoming  the  minus,  and  so  on.  This  device  de- 
posits and  reposits  the  same  zinc,  or  rather  electrode  material. 
Again,  we  have  a  modification  of  the  same  device  in  the  form  of 
a  wheel  bearing  a  number  of  electrodes,  and  on  the  same  prin- 
ciple setting  up  continuous  rotation. 

1.  See  Jenks  on  the  Edison  Chemical  Meter,  Tra>^bactionb,  vol.  vi.,  p.  26. 

2.  8ee  also,  Tbaksaotionb,  vol.  vi.,  p.  82. 
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It  should  be  noted,  that  in  this  first  digression  from  the 
chemical  meter,  we  at  once  meet  with  the  prime  factor  of  diffi- 
culty in  all  motor  meter  construction — that  of  friction,  which,  if 
uncompensated,  must  invariably  introduce  more  or  less  serious 
error.     We  shall  touch  on  this  point  more  fully  hereafter. 

Another  form  of  self-registering  electrolytic  meter  has  a 
cathode  plate  suspended  from  a  spring-balance,  an  ordinary  sen- 
sitive spring  weighing  machine,  and  the  heavier  the  cathode 
grows,  so  much  greater  is  the  registration  of  the  spring  indicator. 
This  device  is  perhaps  preferable  to  the  reciprocating  movement 
just  described,  but  is  limited  in  the  capacity  of  the  spring,  and 
probably  lacks  sensitiveness  to  small  amounts,  being  dependent 
of  course  solely  upon  the  nicety  of  construction  in  the  spring- 
balance. 

Mercury  has  at  times  been  employed  in  the  construction  of 
electrolytic  meters,  and  with  at  least  moderate  success,  for  with 
a  mercury,  anode  and  a  cathode  of  the  same  or  other  material,  a 
record  easily  measured  may  be  obtained,  and  such  a  meter  may 
even  be  made  self-registering  in  a  graduated  tube  or  by  half  a- 
dozen  other  more  or  less  simple  means.  Such  are  the  more 
typical  electrolytic  meters.  There  are  other  similar  devices 
which  have  not  been  mentioned,  for  it  is  absolutely  impossible 
to  deal  with  everything  within  the  brief  limits^of  a  single 
paper. 

Another  form  of  chemical  meter  formerly  quite  popular  among 
inventors,  depended  for  its  registration  upon  the  decomposition 
of  water,  generally  acidulated  water,  and  sometimes  upon  the 
decomposition  of  more  volatile  substances.  This  class  of  meter 
may  very  properly  be  divided  under  two  heads  : 

First,  are  those  meters  simply  dependent  upon  the  measure- 
ment of  the  gas  developed  by  the  decomposition  of  water  through 
any  gas  registering  device.  We  may  say  that  such  meters  are 
mere  decomposing  baths  connected  to  a  gas  meter.  There  are 
some  devices  of  merit  which  may  be  classed  under  this  head,  but 
the  principle  is  probably  not  commercial,  for  we  have  nothing 
very  successful  of  this  kind  in  use  to-day. 

One  of  the  more  ingenious  meters  of  this  class  provides  a  diag- 
onally placed  rotating  wheel  with  pockets ;  the  decomposition 
takes  place  directly  under  each  pocket  progressively,  and  as  the 
air  pocket  fills  with  gas,  the  wheel  rotates  sufficiently  to  free  this 
gas  at   the  surface   of  the   fluid,  bringing  another  pocket  into 
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place.  Others  have  a  rising  and  falling  diaphragm  like  the 
popular  gas  meter,  and  still  others,  a  delicately  poised  air  fan 
over  a  minute  aperture.  This  last  device  is  obviously  most 
inefficient. 

The  second  group  of  meters  under  this  classification  brings  ub 
to  the  thermo-meters ;  a  typical  group  containing  a  few  meters  of 
more  or  less  pronounced  merit. 

Those  thermo-meters  depending  upon  volatilization  of  a  fluid, 
generally  have  two  or  more  sealed  bulbs  partly  filled  with  some 
volatile  fluid,  as  for  example,  naphtha  or  ether.  When  two  such 
bulbs  are  used,  they  have  generally  been  mounted  on  a  walking- 
beam  mechanism  combined  with  a  pole-changer ;  each  bulb  con- 
taining some  kind  of  a  rheostat  or  heat  developing  device  de- 
pendent for  its  heat  on  the  current  passing  through  the  meter, 
the  two  bulbs  communicating  with  one  another.  The  rheostat 
in  but  one  bulb  is  in  circuit.  The  heat  developed  in  the  rheostat 
in  circuit,  volatilizes  more  or  less  rapidly  the  fluid  contained  iu 
this  bulb,  according  to  the  current  passing  through  it.  The  gas 
developed  either  passes  in  gaseous  form  into  the  second  bulb  and 
condenses,  or  else,  as  is  more  common,  forces  the  fluid  remaining 
by  the  simple  increase  of  pressure  into  bulb  No.  2,  which  at 
once  becomes  heavier  and  causes  its  end  of  the  beam  to  falL 
This  throws  the  pole-changer,  and  the  rheostat  in  the  second  bulb- 
is  thrown  into  action,  repeating  the  operation  as  just  described. 
To  be  successful,  such  a  device  must  be  very  sensitive,  and  to  be 
sensitive,  the  construction  must  be  of  a  more  or  less  expensive 
character,  and  so  delicate  as  to  be  to  a  greater  or  less  degree  pro- 
hibitive. Like  the  walking-beam  meters  just  described,  instru- 
ments of  this  class  have  been  designed  with  a  number  of  bulbs 
mounted  on  a  rotating  wheel;  the  same  actuating  principle 
holding  true  for  all  such  devices. 

Another  ingenious  form  of  thermo-moter,  no  longer  in  any 
sense  a  chemical  meter,  is  an  instrument  dependent  for  its  action 
upon  the  heat  in  a  confined  but  circulating  atmosphere.  Thus 
a  rheostat  dependent  for  its  heat  upon  the  amount  of  current 
passing,  is  so  arranged  as  to  heat  a  body  of  air,  which,  by  the 
peculiar  construction  of  its  receptacle,  at  once  commences  to  cir- 
culate more  or  less  rapidly,  dependent  upon  the  heat.  It  is 
obvious,  that  if  a  delicate  air  fan,  a  screw  propeller  in  fact,  be 
suspended  over  such  a  column  of  circulating  air,  its  speed  would 
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increase  with  the  speed  and  volume  of  circulation.  One  of  the  most 
ingenious  and  most  interesting  meters  that  it  has  ever  been  ray 
good  fortune  to  see,  is  the  Forbes  meter,*  constructed  on  this 
plan.  But  here  friction  is  the  most  serious  consideration ;  the 
torque  obtained  in  this  manner  being  necessarily  small. 

While  the  Forbes  meter  cannot  perhaps  be  properly  con- 
sidered as  a  motor  meter  in  the  true  sense  of  the  word,  it  still 
must  be  classed  as  such  in  a  certain  sense,  and  I  think  it  may 
safely  be  accepted  as  an  axiom,  that  to  be  successful  in  practical 
operation,  a  motor  meter  of  any  kind  must  be  of  high  torque,  for 
it  is  only  by  the  combination  of  high  torque  and  compensated 
friction  that  accurate  results  can  be  obtained  on  light  loads.  I 
might  say  that  almost  any  one  can  build  a  meter  which  will 
record  fairly  accurately  on  heavy  loads ;  the  diflSculty  is  to 
build  a  sensitive  and  accurate  meter  for  very  light  loads  down  to 
one  lamp. 

Another  ingenious  and  quite  positive  form  of  heat  meter  con- 
sists of  two  metallic  rods,  or  in  some  cases  of  two  bi-metallic 
rods,  somewhat  similar  to  an  ordinary  thermostat ;  such  meters 
being  in  fact  a  simple  application  of  the  thermostat  principle  to 
a  recording  device.  Two  rods  of  this  kind  may  be  placed  ver- 
tically, one  under  each  end  of  a  walking-bea,m  mechanism,  the 
familiar  pole-changing  device  being  again  brought  into  play  to 
throw  the  current  first  through  one  rod  and  then  through  the 
other.  The  character  of  the  walking-beam  must  be  such,  that 
only  a  slight  movement  is  needed  to  actuate  the  recording  mech- 
anism and  the  pole-changer. 

The  method  of  operation  of  a  meter  of  this  kind  is  obvious ; 
the  alternate  expansion  and  contraction  of  the  two  rods  as  they 
are  thrown  in  and  out  of  circuit,  will  occur  with  a  rapidity  de- 
pendent upon  the  current  passing,  and,  as  each  rod  lengthens,  it 
throws  over  the  walking-beam  onto  the  shorter  cool  rod,  and  the 
Bame  action  follows  from  that  side. 

I  think  no  comments  are  needed  on  such  a  device  as  this;  it 
probably  lacks  sensitiveness  to  a  marked  degree  and  is  open  to  other 
objections  which  are  sufficiently  apparent. 

Probably  better  than  this  is  the  system  of  bi-metallic  rods  with 
one  contracting  and  one  expanding  side,  which  bend  to  right 

1.  Transactions,  vol.  v.,  p.  86. 
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and  left,  or  up  and  down,  with  a  rapidity  dependent  upon  the 
strength  of  the  current,  a  pole  changer  of  conrse  being  used  as 
before. 

The  method  of  actuating  a  train  of  gears  by  this  system  is 
<;omparatively  simple,  and  not  open  to  as  many  objections  as  the 
device  just  described. 

1  have  neglected  to  state  heretofore  that  the  bulk  of  the 
thermo-meters  are  actuated  on  the  shunt  principle.  It  is  ob- 
viously out  of  the  question  to  operate  a  pole-changer  by  means 
of  a  meter,  which  shall  break  the  full  current  passing 
to  the  lamps.  As  a  rule,  a  very  small  portion  of  the  total 
current  is  carried  through  the  meter  around  a  positive  shunt. 
Instead  of  shunting  the  current,  this  device  has  at  times  been 
applied  to  alternating  work  by  the  introduction  of  a  kind  of 
transformer,  which  takes  a  few  turns  of  wire  in  series  with  the 
lamps  and  transfers  the  energy  through  a  secondary  to  actuate 
the  meter  ;  thus  the  meter  is  not  on  the  lamp  circuit  at  all,  but 
on  the  independent  secondary.  But  this  intervention  of  induc- 
tion is  probably  not  desirable  in  cases  of  this  kind. 

A  patent  issued  in  the  year  1889  to  a  Mr.  Dahl,  tells  us  of  an- 
other quite  unique  form  of  thermo-meter,  and  this  is  probably  the 
only  heat  meter  actuated  by  an  actual  field  and  armature  arrange- 
ment. In  this  instrument,  the  inventor  provides  a  Held  of  iron 
excited  by  a  few  series  turns  on  the  lamp  circuit.  The  strength 
of  the  field  should  therefore  bear  a  more  or  less  definite  relation 
to  the  amount  of  current  p^ing  through  its  turns.  I  will  not 
comment  upon  how  direct  this  relation  would  be.  It  will  suftice 
to  say  that  the  introduction  of  iron  in  the  construction  of  any 
meter  of  this  character  is  probably  detrimental  to  its  accuracy  to 
a  quite  marked  degree.  This,  however,  is  aside  from  the  subject 
in  hand. 

On  a  shaft  in  the  meter  which  we  are  describing,  is  suspended 
a  kind  of  armature  consisting  of  a  flat  disk-like  ring  of  iron,  sup 
ported  by  a  number  of  spokes  and  mounted  as  a  wheel ;  in  fact 
it  is  mounted  on  a  quite  ordinary  shaft  mechanism  suspended  in 
proper  bearings.  The  iron  portion  of  the  wheel,  rotates  between 
the  poles  of  the  electro-magnet,  or  at  times  permanent  magnet 
just  described.  We  have,  in  fact,  a  disk  armature  rotating  in 
such  a  manner  as  to  pass  between  two  poles  of  a  more  or  less 
strong  field.  On  the  principle  of  the  familiar  thermo  magnetid 
motor,  rotation  is  obtained  in  this  meter  by  so  placing  coils  of 
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wire  or  other  saitable  material  under  certain  portions  of  the  disk 
and  in  series  with  the  lamp  circuit,  that  the  disk  is  differentially 
heated  at  the  proper  point ;  thus,  with  the  peculiar  armature^ 
construction  described,  a  thermo-magnetic  action  is  set  up,  some- 
what akin  probably  to  the  action  of  the  thermo-pile.  The  por- 
tion of  the  disk  heated,  is  attracted  toward  the  field  coils,  and 
thus  (the  disk  being  progressively  heated  and  cooling  rapidly 
owing  to  its  thinne^ss,)  continuous  rotation  is  set  up.  Sometimes 
in  this  construction  the  field  is  in  series  with  the  heating  device 
and  sometimes  the  heating  device  alone,  is  in  series  with  the 
lamp  circuit,  and  the  field  is  either  a  pennanent  magnet  or  inde- 
pendently excited' by  a  battery.  Neither  of  these  changes  in- 
volve the  principle  of  the  meter,  which  is  assuredly  ingenious. 

As  in  almost  all  other  of  the  arts,  electric  meter  construction 
shows  the  definite  mark  of  evolution ;  thus,  one  class  of  meter 
cannot  be  distinctly  separate  from  its  neighbor,  the  one  merging 
into  the  other. 

The  final  form,  and  I  think  I  may  say  the  last  form  of  ther- 
mo-meter  at  all  worthy  of  description,  is  distinctly  a  clock  meter 
also.  The  clock  meters  will  come  under  our  consideration  some- 
what later  in  this  paper,  but  this  meter  which  I  am  about  to  de- 
scribe can  scarcely  be  separated  from  its  kindred,  the  heat 
meters.  Briefly,  however,  I  may  define  the  clock  meter  as  one 
whose  recording  device  or  whose  movement  is  actuated  by  an  in- 
dependent source  of  power,  generally  a  clock,  though  sometimes 
a  constant  speed  motor  or  other  dev^e. 

I  might  add  here,  at  the  risk  of  digressing  from  my  subject, 
that  there  is  probably  no  known  indicating  device  from  the  Car- 
dew  voltmeter  to  the  Sir  Wm.  Thomson  balance  which  could  not 
be  so  applied  as  to  make  a  more  or  less  accurate  clock  meter. 

The  thermometer  now  under  consideration  is  also  a  thermom- 
eter (a  commentary  perhaps  on  the  English  language.)  An 
ordinary  thermometer  of  somewhat  modified  construction,  is  sur- 
rounded  at  the  bulb  by  a  coil  of  wire  in  series,  or  in  shunt  series 
with  the  circuit  to  be  measured.  It  is  apparent  that  the  rise  and 
fall  of  this  thermometer  will  be  more  or  less  dependent  upon  the 
heat  developed  by  the  coil,  and  the  heat  again  will  be  more  or 
less  dependent  upon  the  current  passing,  but,  of  course,  the 
temperature  of  the  surrounding  atmosphere  must  necessarily 
introduce  serious  error. 
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Now,  it  has  been  more  than  once  suggested,  though  never 
patented,  I  believe,  that  a  constant  ray  of  light  supplied,  we  will 
say  by  an  electric  lamp  burning  when  the  meter  is  in  circuit,  if 
thrown  upon  this  thermometer  could  be  made  to  photographically 
mark  on  rotating  sensitized  paper,  actuated  by  clockwork  at  uni- 
form speed,  a  line,  or  rather  a  solid  block  of  light  whose  lower 
termination  or  line  of  demarkation  would  represent  the  height  of 
mercury  in  the  tube. 

Thus,  we  have  a  curve  of  registration  which  only  needs  to  be 
integrated  with  a  planometer  to  determine  the  consumption,  al- 
ways supposing  that  the  indicating  device  is  correct.  I  have  said, 
^'  only  needs  to  be  integrated."  How  desirable  a  meter  would  be 
in  practical  service  whose  record  needs  to  be  integrated  can  best 
be  left  to  the  judgment  of  the  station  manager  and  the  public. 
It  is  largely  a  matter  for  personal  experience  and  personal  opin- 
ion. To  compensate  for  external  temperature  it  was  suggested 
that  the  meter  be  so  encased  as  to  practicnlly  insulate  it  from 
heat  or  cold ;  but  this  is  probably  not  feasible. 

There  is  another  device,  or  perhaps  1  had  better  say  there 
might  be  another  device  for  accomplishing  the  object  of  this  last 
meter  in  a  somewhat  similar  manner.  The  actinometer  is  pro- 
bably familiar  to  all  who  have  indulged  in  amateur  photograhy; 
it  consists  of  a  piece  of  glass  covered  with  small  cubes,  each  cube 
of  a  more  intense  ruby  red  than  the  one  beyond  it,  merging,  in 
fact,  from  an  almost  clear  glass  to  an  almost  perfectly  non-actinic 
medium. 

Now,  it  suggested  itself  to  a  certain  electrician  that  if  a 
number  of  these  squares  were  arranged  in  a  piece  of  glass,  one 
above  the  other,  and  a  lamp  whose  light  should  vary  more  or 
less  directly  with  the  potential  on  the  lines,  be  placed  before  this 
glass  or  actinometer,  a  sensitive  film  being  rotated  behind  the 
-actinometer  at  a  constant  speed,  the  varying  light  of  the 
lamp  would  draw  a  curved  line,  or  rather  a  curved  block  of  light 
and  shade  on  the  paper.  This  could  be  measured  by  a  planom- 
eter to  get  the  average  voltage,  or  could  be  taken  at  points,  to 
see  what  the  voltage  was  at  certain  times ;  in  fact,  a  recording, 
voltmeter.  This  device  seemed  very  nice  indeed  It  had  only 
one  fault — it  would  not  work.  I  might  say  that  the  device  was 
my  own. 

At  this  point  I  think  we  may  venture  to  dismiss  the  subject 
of  chemical,  thermo  and  similar  meters,  and  give  some  attention 
to  the  clock  meter. 


98  HASKINS  ON  ELBCTRWAL  MBTBRS.  [Jan.  IT, 

The  general  character  of  the  clock  meter  has  already  been 
briefly  stated  ;  that  is,  we  have  already  defined  the  character  of 
one  form  of  clock  meter.  There  is  an  almost  endless  variety  of 
instruments  of  this  kind.  They  are  not  all  electricity  meters  by 
any  means ;  some  are  recording  voltmeters,  others  recording  am- 
meters, and  othars  have  still  different  purposes.  The  familiar 
recording  steam  gauge  is  only  a  modification  of  this  instrument. 
Many  such  meters  have  been  designed  for  station  work  and 
for  testing  purposes,  where  great  sensitiveness  and  considerable 
cost  of  construction  were  permissible.  But  these  hardly  come 
within  the  province  of  a  treatise  of  this  kind. 

A  strip  of  paper  is  almost  invariably  rotated  over  a  drum,  some- 
times being  fixed  to  the  drum,  and  sometimes  being  drawn  from 
one  drum  to  another,  the  paper  moving  at  uniform  speed,  and 
generally  being  divided  into  hours  or  other  fractions  of  time  by  ab- 
scissae lines. 

This  clock  mechanism  can  be  combined  with  any  indicating 
device  ;  it  is  only  necessary  to  supply  the  connection  which  shall 
cause  the  indicator  to  mark  the  paper,  and  draw  a  crooked  line. 
First  attempts  of  this  kind  were  generally  made  with  ordinary 
solenoids,  or  sometimes  with  a  simple  coil  and  iron  core  rising 
and  falling  with  the  current.  Whatever  the  character  of  the 
indicator  or  method  of  communication  between  the  indicator  and 
paper,  it  remained  necessary  to  keep  the  friction  of  contact  low. 

First  attempts  were  made  with  a  pencil,  bearing  directly  upon 
the  paper,  but  the  friction  introduced  by  this  device  was  fatal  to 
accuracy.  A  glass  pen  has  been  substituted  for  the  pencil  with 
better  results,  but  even  this  caused  too  much  friction.  The 
photographic  method  of  line  drawing  is  one  of  the  best  systems 
yet  introduced,  and  is  probably  more  familiar  to  the  majority  of 
us  than  the  other  methods,  because  it  forms  a  component  part 
of  the  Walker  meter  which  has  attracted  attention  at  various 
times. 

With  an  instrument  of  this  kind  a  diaphragm  is  provided,  at- 
tached to  the  indicating  mechanism,  and  raising  and  falling  with 
the  variations  of  the  indicator.  Through  this  diaphragm  is  a 
small  aperture,  the  best  plan  being  to  form  this  aperture  by 
the  crossing  of  two  slits  in  two  diaphragms.  Through  this  small 
hole,  light  from  a  burning  lamp  is  shed  upon  sensitized  paper 
with  the  result  already  described. 

One  of  the  best  methods  of  accomplishing  the  registration, 
perhaps,  when  all  things  are  considered,  the  very  best,  is  to  at- 
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taeb  to  the  pointer  of  the  indicator,  a  eteel  point  or  needle  with 
an  iron  armature  mounted  in  the  form  of  a  spring,  or  in  some 
similar  manner.  Bj  placing  an  electro-magnet  behind  the  paper 
^  be  marked,  and  sending  through  this  magnet  an  electrical 
impulse  at  fixed  periods  of  say,  one,  two  or  five  minutes,  the 
pointer  is  drawn  sharply  down  to  the  paper,  puncturing  it,  and 
is  immediately  released  by  the  cessation  of  energizing  current  in 
the  electro -magnet.  Thus,  the  paper  when  removed,  will  have  a 
continuous  marking  of  punctures  tantamount  to  a  curved  line. 
This  device  presents  practically  no  friction,  and  is  more  or  less 
simple  and  easy  to  carry  out.  The  niake-and-break  necessary  for 
the  electro-magnet  is  easily  actuated  by  the  clock  movements. 
But  we  may  say  of  these  forms,  as  well  as  of  the  forms  of  clock 
meter  which  are  to  follow,  thas  there  is  one  serious  objection  to 
them  all— they  have  to  be  wound  up,  which  is  certainly  a  fault. 
We  may  modify  this  statement  by  saying  that  many  of  these  de- 
vices have  an  electrical  attachment  which  makes  them  self-wind- 
ing, and  this  is  a  step  in  the  right  direction  at  least.  Whether  it 
fully  meets  commercial  necessities,  is,  I  believe,  an  open 
question. 

All  of  these  instruments  being  curve-drawing  meters,  they  can- 
not properly  be  considered  as  the  thoroughly  commercial  article, 
which  the  successful  electric  meter  must  be.  For,  I  think  I  am 
safe  in  assuming  that  to  be  successful  the  meter  of  to-day  posi- 
tively must  have  a  direct  reading  dial,  equally  available  for  the 
consumer  and  supplier. 

This  brings  us  to  a  second  form  of  clock  meter  of  a  preferable 
character.  This  class  comprises  those  meters  whose  clock  mech- 
anism is  accelerated  or  retarded  by  the  strength  of  the  current 
passing  through  them.  There  are  several  methods  of  accom- 
plishing this,  all  of  which  apply  the  influence  of  the  current  to 
the  pendulum  of  the  clock. 

For  example,  we  have  a  pendulum  with  an  iron  end  forming 
an  armature  which  is  attracted  first  to  the  right,  and  then  to  the 
left  by  two  electro- magnets  dependent  for  their  strength  upon  the 
lamp  circuits.  This  is  an  early  and  very  ineffective  form  of  clock 
meter,  hardly  to  be  considered  as  a  practical  affair,  but  typical  of 
the  class. 

The  most  successful  and  probably  the  best  form  of  meter  of 
this  kind  consists  of  two  clocks  with  a  differential  gear  between. 
One  of  these  clocks  runs  at  a  constant  speed,  the  speed  of  the 
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other  being  governed  by  the  circuit  to  be  measured.  At  times 
by  a  pressure  coil  forming  an  armature,  and  a  fixed  series 
coil  forming  a  field,  or  again,  by  a  horse-shoe  magnet  pendent 
from  the  pendulum  and  vibrating  back  and  forth  above  two  coils 
in  series  with  the  lamps,  the  former  being  a  wattmeter  and  the 
latter  an  ammeter.  Both  were  designed  by  the  same  inventor. 
When  nothing  is  passing  through  the  meter,  the  speed  of  both 
<5locks  is  the  same,  and  the  differential  gear  does  not  move  ;  but' 
when  lamps  are  turned  on,  and  the  regulating  device  begins  to 
act,  one  clock  is  accelerated  or  retarded  according  as  the  princi- 
ple may  be  applied,  and  the  difference  between  the  constant 
speed  clock  and  the  varying  speed  clock  indicates  the  consump- 
tion in  directly  read  units. 

I  can  safely  say  that  this  is  an  excellent  meter,  but  is  obvi- 
ously open  to  the  same  objection  as  are  other  clock  meters,  since 
there  are  two  clocks  and  the  presence  of  the  differential  gear  re- 
quires very  nice  adjustment  between  the  two.  There  is  another 
important  factor  here,  which  bears  directly  upon  the  question  in 
hand,  and  that  is,  the  cost  of  building  meters  of  this  class.  The 
olock-work  must  not  be  of  a  cheap  character,  but  must  be  good 
clock-work  and  good  clock-work,  is  invariably  expensive  and  as 
invariably  delicate. 

I  might  say,  however,  that  the  Aron  meter,  the  typical  meter 
of  this  type,  proved  itself  so  accurate  at  the  recent  meter  com- 
petition in  Paris,  that  it  succeeded  in  dividing  the  first  prize  of 
10,000  francs  and  a  gold  medal,  with  the  Thomson  recording 
wattmeter,  the  principle  of  which  we  shall  consider  later.  Your 
attention  may  be  directed  to  the  fact  that  the  Aron  meter  is  a 
watt-hour  indicator,  something  unusual,  for  almost  everything 
considered  up  to  the  present  point  has  been  typically  an  ammeter 
or  a  modification  of  an  ammeter. 

Before  turning  to  the  final  portion  of  this  paper  and  consider- 
ing the  most  popular  and  as  yet  the  most  successful  class  of  re- 
cording instruments,  viz.  the  motor  meters,  a  little  attention 
should  be  given  to  those  clock  meters  'whose  principle  is  de- 
pendent upon  the  function  of  a  cone  or  cones.  There  are  a  con- 
siderable number  of  meters  of  this  class.  It  appealed  to  the 
inventive  mind  early,  and  our  patent  records  are  full  of  cone 
meters. 

Briefly,  the  principle  of  all  of  these  instruments  is  about  as 
follows : — Let  us  assume  a  wheel  rotating  at  a  constant  speed  ; 
let  us  assume  a  cone  mounted  on  a  shaft  on  which  it  is  free  to 
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rise  and  fall ;  let  the  cone  rise  and  fall  with  one  of  its  sides  in  a 
vertical  plane  with  the  periphery  of  a  constantly  rotating  wheel ; 
the  speed  of  the  cone  regulates  the  speed  of  rotation  of  the  re- 
cording gear  and  the  position  of  the  cone  is  determined  by  an 
indicator  device  which  obviously  must  be  of  high  torque,  because 
friction  must  be  a  more  or  less  serious  factor.  Some  very  fair 
instruments  of  this  class  have  appeared  from  time  to  time.  One 
of  the  most  ingenious  of  them  provides  two  cones,  or  rather  two 
cone-like  drums,  somewhat  like  a  beehive  in  shape.  One  of 
these  cones  is  rotated  at  a  constant  speed,  and  the  other  is  in- 
clined on  a  movable  right  angle  axis  in  such  a  way  that  its  point 
of  contact  with  the  neighboring  cone  varies  with  the  load.  The 
same  end  being  accomplished  as  in  the  rising  and  falling 
cone  just  described  without  the  introduction  of  as  much  friction. 
This  is  a  type  of  the  Maxim  meter. 

Another  similar  device  provides  for  a  small  wheel  rising  and 
falling  between  two  cones  whose  inner  sides  are  parallel,  thus 
transferring  the  power  from  a  constant  speed  cone,  to  a  cone 
with  varying  speed,  the  same  end  being  accomplished  in  all  cases, 
and  invariably  involving  friction. 

Another  form  of  cone  meter,  still  a  clock  meter,  differs  some- 
what from  those  just  described.  Let  us  assume  a  conical  drum, 
shaped  like  the  bullet  of  an  ordinary  rifle,  and  some  four  or  six 
inches  in  diameter  at  the  base  rotated  at  a  constant  speed  by  a 
clock  mechanism  beneath  it ;  let  us  suppose  a  spool  of  thread  to 
be  placed  upon  a  pin  a  foot  or  so  removed  from  the  drum  ;  the 
thread  from  the  spool  is  attached  to  the  drum  which  should  be 
covered  by  some  felt  like  material ;  the  thread  passes  through 
an  eye  or  ring  which  in  its  turn  is  attached  to  an  indicating 
mechanism.  It  is  apparent  that  the  indicator  will  raise  and 
lower  the  string  according  to  the  amount  of  current  or  energy 
passing.  Since  the  drum  rotates  and  at  a  regular  speed,  the  thread 
will  be  wound  onto  the  drum  and  the  point  where  it  is  wound 
on  will  depend  on  the  position  of  the  indicator.  Thus,  if  the 
load  were  very  small,  the  indicator  would  be  at  its  highest  point 
and  the  thread  would  be  wound  around  the  smallest  diameter  of 
the  drum.  As  the  load  increased  the  indicator  would  be  depressed 
and  the  thread  would  be  wound  on  a  greater  diameter  of  the 
drum.  The  inspector  of  meters,  on  his  monthly  visit,  would  remove 
the  thread  which  had  been  wound  onto  the  drum,  measure  it  on 
a  yard  stick,  and  ascertain  perhaps  that  the  consumer  had  used 
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15  yards  of  electricity.     This  is  certainly  reducing  things  to  iir 
very  practical  standpoint. 

In  conclusion,  I  would  say  of  the  clock  meters,  that  those 
which  actuate  a  drum  or  marking  mechanism,  and  those  akin  to 
them,  generally  have  a  stopping  and  starting  device  which  pre- 
vents the  clock  from  running  at  times  when  there  is  no  current 
passing  through  the  meter ;  this  is  quite  essential.  Those  which 
have  a  lamp  within  them  for  photographically  marking  the  fluc- 
tuations of  current,  have  an  automatic  cut-out  for  the  lamp,  which 
turns  out  the  light  in  the  meter  when  the  last  lamp  on  the  sup- 
plied circuit  goes  out.  I  might  add  that  in  a  few  of  these  meters 
the  clock  is  displaced  by  a  constant  speed  motor. 

There  is  one  other  class  of  clock  meter  which  actuates  a  dial  or 
recording  train,  and  for  the  typical  instrument  of  this  class  we 
will  select  the  Pilkington-White  meter.  This  instrument  has  a 
wheel  rotating  at  a  constant  speed ;  into  this  wheel  are  inserted  a 
number  of  pins  of  diflferent  lengths,  projected  from  the  face  of 
the  wheel  parallel  to  its  axis :  a  lever  arm  whose  position  is  de- 
termined by  the  indicator  mechanism  is  so  placed  that  it  shall 
engage  with  these  pins.  If  the  load  be  light  it  will  only  engage 
with  the  longest  pins.  If,  for  example,  the  load  be  one  lamp, 
then  the  lever  will  engage  only  with  the  longest  pin.  On  en- 
gaging with  the  pin,  the  lever  is  pushed  in  the  direction  in  which 
the  wheel  is  rotating,  and  gives  an  impulse  of  one  tooth  to  the 
recording  wheel.  Thus,  on  the  lightest  loads  the  meter  would  re- 
ceive but  one  impulse  for  every  revolution  of  the  motor  wheel, 
and  just  in  proportion  as  the  load  increased,  so  this  lever  would 
engage  with  more  pins  and  more  frequently  actuate  the  record^ 
ing  dial. 

This  meter  is  very  good  in  many  respects ;  but  it  should  be 
noted  that  it  reads  to  points.  There  is  necessarily  a  limit  to  the 
number  of  pins  which  can  be  used,  and  with  a  100-light  meter- 
having,  we  will  assume,  10  pins,  it  is  clear  that  there  can  only  be 
10  variations  in  speed  from  one  lamp  to  full  load,  consequently 
the  speed  will  only  change  every  10  lamps,  and  we  should  get  the 
same  record  on  19  lamps  as  on  10.  The  figures  which  I  give  for 
a  100-light  meter  having  10  pins,  are  purely  arbitrary  and  not  re- 
presentative of  the  number  used.  They  are  given  to  indicate  the 
idea  which  I  wish  to  convev. 

We  may  now  turn  from  the  consideration  of  the  clock  and 
separate  motor  meters,  and  give  our  attention  to  what  is  to-day 
themost  important  class  of  electrical  recording  instruments ;  the 
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motor  meters :  those  whose  registering  train  is  actuated  by  the 
current  to  be  measured.  There  are  quite  a  large  number  of 
meters  of  this  class,  although  invention  until  recently  has  not 
been  as  prolific  in  this  particular  direction  as  in  the  clock  meter 
field. 

In  the  majority  of  cases,  motor  meters  have  been  designed  for 
alternating  circuits,  and  they  again  naturally  divide  themselves 
into  two  classes,  those  actuated  by  inductive  principles,  and 
those  whose  motive  powers  act  direct,  and  which  are  similar  in 
character  to  the  electric  motor.  Of  the  first  class  there  is  a  large 
number,  designed  of  course,  for  alternating  circuits. 

These  are  almost  exclusively  of  two  forms — the  wound  and 
the  unwound  armature  types.  But  few,  if  any,  of  the  former 
are  in  practical  use,  though  several  have,  I  believe,  shown  very 
fair  results.  As  a  rule,  they  consist  of  a  field  formed  of  a  coil 
or  coils  in  series  with  the  lamps,  and  a  small  drum,  or  other  closed 
circuit  armature,  preferably  without  iron,  whose  commutator  is 
short-circuited  across,  by  directly  connected  brushes,  or  other 
similar  means.  This  meter  will  record  with  considerable  accu- 
racy, but  in  the  presence  of  better  and  simpler  plans,  it  has  not 
met  with  general  favor. 

The  other  class  of  inductive  meters  is,  in  its  various  forms 
very  familiar  to  almost  every  one.  It  consists,  in  general,  of  a 
coil  or  coils,  in  series  with  the  lamps  forming  the  primary.  A. 
short-circuited  coil  of  low  resistance  within  and  at  angle  to  this, 
forms  a  secondary,  and  within  this  again  is  a  more  or  less 
solid  metal  armature  of  disk,  drum  or  other  shape,  generally, 
wholly  or  in  part  of  iron,  and  mounted  on  a  carefully  balanced 
shaft,  which,  on  rotating,  actuates  the  recording  dial. 

Meters  of  this  construction  while  highly  practical  and  decidedly 
useful,  are  scarcely  all  that  could  be  desired  for  several  reasons, 
all  of  which  tend  to  introduce  errors.  In  the  first  place  their 
construction  and  principle  prohibit  entire  accuracy  on  very  low 
readings.  This  is  quite  largely  due  to  the  fact  that  nothing  is 
present  to  balance  friction. 

Now  the  theory  of  inductive  meters  as  set  forth  in  most  of  the 
patents  on  file,  claims  a  torque  proportional  to  the  square  of  the 
current,  which  doubtless  would  be  correct,  could  we  neglect  the 
effect  of  certain  minor  influences.  In  reality,  careful  tests  seem 
to  show  that  torque  falls  some  what  below  the  square,  and  above  the 
direct  proportion,  and  the  proportion  does  not  seem  to  hold  good 
at  various  points  of  load. 
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The  speed  of  motor  meters  is  naturally  approximately  pro- 
portional to  the  torque,  and  they  therefore  tend  to  run  too  fast 
and  have  to  be  restrained,  which  is  accomplished  in  various  ways 
as  we  shall  presently  see,  while  discussing  the  question  of  drag 
or  damping  mechanism. 

None  of  the  inductive  meters  will  run  on  direct  current,  of 
course. 

We  now  come  to  the  second  form  of  motor  meters — 
those  which  are  not  dependent  upon  inductive  action  for  their 
rotation,  and  are  consequently  equally  serviceable  for  alternating 
or  direct  circuits. 

Of  these  there  are  but  a  few,  all  of  them  having  a  field  in  se- 
ries with  the  lamps,  and  an  armature — sometimes  in  series  and 
sometimes  in  shunt.  Of  the  former  kind  but  few  have  been 
tried  carefully  enough  to  thoroughly  prove  their  merits. 

Perhaps  the  most  successful  of  these  has  a  heavy  iron  field, 
with  resultant  poles  above  and  below  a  shallow  basin  of  mer- 
cury. The  current  for  the  lamp3  passes  through  a  copper  coil 
around,  and  excites  the  field,  thence  through  the  mercury  from  a 
portion  of  its  periphery  to  center  or  vice  verna.  This  naturally 
causes  the  mercury  to  rotate,  its  speed  being  proportional  to  the 
amount  of  current,  minus,  of  course,  the  efifect  of  friction,  the 
mercury  in  this  case  forming  the  armature. 

Friction  is  balanced  in  this  meter  quite  successfully  by  the  in- 
troduction of  a  fine  coil  of  high  resistance  around  the  field. 
This  coil  is  "  in  shunt  across  the  line,"  like  a  lamp  and  serves  to 
intensify  the  field  on  the  lower  readings,  while  on  the  higher  ones 
it  bears  too  small  a  proportion  to  the  total  field  to  exert  any 
ap])reciable  influence.  This  coil  can  be  nicely  adjusted  to  balance 
friction,  by  varying  an  outside  resistance. 

While  such  a  meter  has  many  weak  points,  still  it  has  one 
marked  advantage,  the  balancing  of  friction.  This  cannot  be 
given  too  great  importance  in  motor  meters,  for  friction  is  their 
weakest  point,  and  by  successfully  neutralizing  this,  they  may  be 
brought  to  almost  any  degree  of  accuracy,  provided  always  that 
their  fundamentals  remain  proportional  throughout. 

The  remaining  class  of  motor  meters  embraces  those  with  a 
series  field  and  shunt  armature.  These  are  somewhat  of  a  de- 
parture from  the  others,  since  they  are  not  current  meters,  but 
power  or  watt-meters.  Their  construction  is  in  all  cases  quite 
similar  to  an  ordinarv  shunt  motor. 
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The  field  is  in  series  with  the  lamps ;  the  armature,  (which  is 
of  high  resistance,)  and  generally  of  Siemens  construction,  with 
a  commutator  of  a  few  segments,  is  placed  ^'  in  shunt  across  the 
line,^'  the  shunt  being  taken  off  beyond  the  field  coils.  An  out- 
side resistance  is  placed  in  this  shunt  circuit,  to  reduce  the  cur- 
rent in  the  armature  to  the  necessary  small  quantity  and  to- 
prevent  any  appreciable  waste  across  the  line. 

The  strength  of  armature  then,  may  be  seen  to  be  dependent  oir 
the  pressure,  whilst  that  of  the  field  depends  on  the  expenditure 
of  current.  The  torque  of  this  meter  then,  is  directly  propor- 
tional to  the  power  passing,  and  the  speed  is  naturally  propor- 
tional to  the  torque  (again  minus  the  friction)  but  the  friction  is 
balanced  in  these  meters,  as  in  the  previous  one,  by  the  presence 
of  a  '*  shunt  field,"  since  the  armature  circuit  is  taken  off  beyond 
the  fields,  and  consequently  passes  through  them  in  addition  ta 
the  current  for  the  lamps.  As  in  the  previous  meter,  this  serves 
to  counteract  the  retarding  influence  of  friction  in  the  lower 
readings  where  it  is  dangerous,  whilst  in  the  higher  ones  it  bears 
80  small  a  proportion  to  the  total  field  as  to  be  unappreciable. 
This  meter  is,  of  course,  equally  useful  without  change  of  cali- 
bration on  either  a  direct  or  an  alternating  current  of  any  fre- 
quency. 

Motor  meters,  as  a  class,  rotate  far  more  rapidly  than  is  allow- 
able in  practice.  It  has  been  found  necessary,  therefore,  to 
introduce  a  "drag,"  or  resistance  to  rotation,  to  slow  the  meter 
to  a  reasonable  speed.  This  has  been  done  in  several  ways ;: 
perhaps  the  most  common  method  being  to  attach  to  the  shaft  a 
number  of  air  fans.  These  are  quite  largely  used,  and  with  fair 
success.  The  resistance  of  an  air  fan  to  rotation  is  approxi- 
mately proportional  to  the  square  of  the  speed.  Therefore  this 
device  is  only  fitted  for  combination  with  such  meters  as  have  a 
torque  increasing  with  the  square  of  the  current.  But  since  the 
torque  of  such  meters  does  not  quite  reach  the  square,  the  retard- 
ing effect  increases  rather  too  rapidly  and  has  a  tendency,  though 
not  always  pronounced,  to  cause  the  speed  of  the  meter  to  fall  off 
proportionately  on  high  loads. 

An  effort  has  been  made  to  overcome  this  disproportion  of  the 
fan's  resistance  by  substituting  folding  fans  which  close  by  cen- 
trifugal force,  on  the  principle  of  the  steam-engine  governor^ 
This  novel  idea,  whilst  a  decided  improvement,  scarcely  over, 
comes  the  difficulty. 
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Another  method  of  drag,  which  has  been  nsed  with  some 
^access  is  the  rotation  of  a  small  fan  in  a  liquid,  a  method  perhaps 
rather  better  than  the  previous  one,  since  resistance  to  rotation 
falls  below  the  square  of  the  speed,  when  the  Hqnid  itself  begins 
to  rotate.  Much  depends  in  this  case  on  the  shape  of  the  re- 
ceptacle containing  the  fluid. 

A  third  method,  certainly  by  far  the  best,  consists  in  rotating 
a  small  inefficient  dynamo,  generally  a  mere  disk,  turning  between 
permanent  or  electro-magnets.  This  resistance  is  of  course 
directly  proportional  to  the  speed,  and  therefore  to  the  torque, 
being  indeed  the  machine  reversed.  By  applying  this  drag,  fric- 
tion is  again  the  only  difficulty  to  contend  with. 

One  other  important  point  in  connection  with  the  drag  and 
the  friction  we  must  not  neglect.  The  greater  the  drag  (com- 
mensurate, of  course,  with  sufficient  speed),  the  smaller  the  pro- 
portion of  friction  to  the  total  load  will  be,  and  the  greater  the 
accuracy  of  the  instrument's  registration. 

To  sum  up  then,  it  would  seem  that  the  most  practical  and 
useful  meter,  according  to  our  present  light,  would  be  a  motor 
meter  of  other  than  inductive  type — preferably  an  energy  rather 
than  a  current  meter— with  some  force  to  balance  friction,  with 
a  drag  which  is  directly  proportional  to  the  speed,  and  which  will 
be  comparatively  heavy,  making  the  irregular  friction  as  small  a 
portion  of  the  load  as  possible. 

With  all  these  features  properly  worked  out  and  applied  there 
•can  be  no  reason  why  a  meter  should  not  be  accurate,  effi- 
cient, comparatively  cheap,  and  thoroughly  able  to  take  care  of 
itself  without  undue  attention. 

There  is  another  class  of  motor  meter  somewhat  akin  to  the 
<5lock  meters,  which  we  discussed  some  little  time  ago.  This 
comprises  those  instruments  whose  motor  would  rotate  at  a  con- 
stant speed,  provided  the  resistance  to  rotation  were  also  constant. 
In  other  words,  the  current  passing  through  the  meter  would  be 
so  arranged  as  not  to  cause  fluctuations  of  speed  in  the  motor 
directly.  This  is  easily  accomplished  by  placing  the  motor  in 
ehunt  across  the  line  like  a  lamp,  and  properly  proportioning  its 
windings.  Variation  in  speed  of  the  motor  which  is  geared 
directly  to  the  dial,  is  accomplished  in  this  class  of  meters  by 
varying  the  resistance  to  rotation  or  drag. 

This  may  be  accomplished  in  several  ways.  One  plan  «ag^ 
gested,  provides  for  fans  which  can  be  more  or  less  fully  im^ 
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mersed  in  a  fluid,  the  immersion  of  the  fan  being  dependent 
upon  the  strength  of  the  current,  the  fan,  in  fact,  moving  up  and 
down  the  shaft  in  accordance  with  the  influence  of  a  kind  of  in- 
dicator mechanism.  Thus,  on  very  light  loads,  the  fan  would  be 
immersed  and  wonld  strongly  retard  the  motor,  while,  on  very 
high  loads,  the  fan  would  be  almost  removed  from  the  fluid  in 
which  it  rotated,  and  the  motor  would  race  in  consequence. 

This  same  end  has  also  been  accomplished  by  an  electro-mag- 
netic drag,  somewhat  similar  to  the  damping  device  which  has 
already  been  described.  The  electro-magnets  being  so  arranged 
that  their  strength  varied  with  the  current  in  use  on  the  line,  and 
also  at  times  with  the  potential  on  the  line,  and  thus  accomplish- 
ing the  same  purpose  in  a  better  way  than  the  fluid  fan  just 
mentioned. 

It  is  with  regret  that  I  And  myself  at  tlie  end  of  my  subject, 
or  rather  of  my  paper.  The  subject  is  so  vitally  interesting  to 
me  that  I  would  gladly  have  continued  and  made  my  paper  much 
longer,  had  I  dared  further  to  trespass  upon  the  patience  of  my 
hearers.  I  trust  that  there  is  matter  in  this  paper  which  will  be 
found  worthy  of  discussion  and  further  attention. 
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The  Chairman  : — Gentlemen,  it  is  impossible  that  one  of  your 
number  can  sit  in  this  chair  and  preside  over  yoar  sessions  at  in- 
tervals for  more  than  a  year,  without  noticing  the  demeanor  of 
the  several  listeners  to  a  paper  like  this,  ana  forming,  in  some 
sense,  a  conclusion  as  to  the  decree  of  interest  which  it  excites  in 
the  minds  of  the  members.  I  have  learned  to  observe  the  faces 
and  the  habits  of  the  several  members,  and  I  have  learned  to  con- 
sider it  an  excellent  sign  when  several  members  who  are  reading 
the  paper  and  following  the  speaker,  turn  over  the  leaves  a  brief 
instant  of  time  before  the  reader  of  the  paper  turns  over.  This^ 
has  been  uniformly  the  case  this  evening,  and  I  observed  this- 
evening  that  about  three  words  before  the  speaker  reached  the  end 
of  the  page,  the  listeners  were  ready  for  him,  and  would  tura 
over  the  pages. 

I  will  not  undertake  to  indicate  the  trend  that  discussion  should 
take  at  all.  I  think  the  members  who  have  heard  this  paper 
read  are  well  able  to  appreciate  its  value ;  but  the  Chair  does  de- 
sire to  say  that  he  believes  that,  when  incorporated  in  our  pro- 
ceedings, it  will  form  a  valuable  addition  to  our  Tbansaotions 
and  will  be  well  worthy  of  re-reading  over  and  over  again,  as  we 
shall  reach  it,  not  only  as  we  receive  the  proceedings  by  mail  in 
the  separate  numbers,  but  after  they  are  bound.     I   notice  witt 

Sleasure  the  brief  intimation  at  the  head  of  page  28,  where  Mr. 
Easkins  speaks  of  the  inspector  of  meters  measuring  the  thread 
on  his  yard-stick  and  finding  out  how  many  yards  of  electricity 
the  consumer  had  used  since  the  inspector  last  visited  his  place^ 
and,  although  perhaps  a  little  out  of  order,  I  may  say  that  it  re- 
minded me  of  an  incident  which  occurred, not  in  my  own  history, 
but  in  that  of  my  father,  who  lived,  as  I  did  in  my  youth,  near 
the  Soho  Foundry,  where  Boulton  and  Watt  made  their  first 
steam  engines.  Murdoch,  as  most  of  you  know,  worked  there 
and  was  one  of  the  earliest,  if  not  the  earliest  to  strongly  advo- 
cate the  general  introduction  of  coal  gas  as  a  means  of  illuminar 
tion.  It  took  him  some  time  to  find  that  his  views  were  feasible* 
It  took  some  time  before  coal  gas  became  recognized  as  a  valua- 
ble means  of  illumination.  But  Murdoch  was  early  impressed 
with  a  strong  sense  of  its  value.  He  told  to  my  father  an  anec- 
dote concerning  its  introduction,  to  the  effect  that  after  they  be- 
gan to  manufacture  coal  gas  at  the  Soho  Foundry,  very  fre- 
quently farmers  would  come  with  sacks  on  their  shoulders,  for  a 
sackful  of  it,  and  would  go  away  greatly  disappointed  on  finding 
that  they  could  not  carry  it  awav  in  sacks.  There  is  perhaps 
more  sense  in  measuring  electricity  by  the  yard,  and  I  am  glad  to 
see  that  we  have  got  down  to  such  a  practical  method  of  measure- 
ment. This  paper  deserves  full  and  free  discussion  and  I  trust  it 
will  get  it,  because  that  is  the  greatest  compliment  that  can  be 
paid  to  any  person  who  prepares  a  paper  and  comes  to  read  it. 
to  us. 
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Mr.  Townsend  Wolcjott  : — Mr.  Haskins  Bpeaks  of  a  thermo- 
meter. I  would  say  that  thermic  meter  would  be  more  in  accord- 
ance with  the  rules  of  the  English  language.  It  is  hardly  fair  to 
lay  the  blame  of  a  word  having  two  meanings  to  the  English  lan- 
guage. Thermic  meter  would  indicate  one  in  which  heat  played 
some  part^  but  not  one  which  measured  heat. 

Mb.  Haskins  : — I  am  very  glad  to  be  corrected  in  that  matter, 
I  am  sure.  I  used  the  word  thermo-meter  because  it  appeared 
in  Patent  Office  literature.  It  is  a  term  commonly  used  to  desig- 
nate this  class  of  meter. 

Mr.  Woloott  : — Yes,  sir  ;  but  the  language  of  patents  is  gener- 
ally a  very  poor  place  to  go  for  English. 

Again,  on  page  45,  Mr.  Haskins  says: — "This  meter  is,  of 
course,  equally  useful  without  change  of  calibration,  on  either  a 
direct  or  an  alternating  current  of  any  frequency."  I  have  un- 
derstood that  the  meter  was  correct  on  alternating  currents ;  but 
the  reason  I  mention  this  is,  that  the  "  of  course  "  is  not  so  plain 
to  me,  why  the  meter  having  the  fine  wire  armature  in  the  snunt 
should  be  accurate  with  the  same  constancy  of  calibration,  with 
alternations  of  all  frequencies.  Unless  the  inductance  of  the  ar- 
mature is  a  negligible  quantity,  it  would  seem  to  me  that  there 
should  be  corrections  for  each*  change  in  frequency. 

One  other  point.  The  Thomson  meter  seems  to  be  a  very  ac- 
curate and  beautiful  instrument.  There  is  only  one  fault  I  can 
find  with  it.  There  is  a  series  of  pointers  passing  around  by  a 
continuous  motion,  and  if  you  look  at  the  meter  frequently,  there 
is  never  any  trouble  about  it.  But  sometimes  you  read  a  hun- 
dred or  a  thousand  wrong.  When  the  hand  gets  on  the  other  side 
of  the  graduation,  you  are  not  sure  which  side  of  the  graduation 
it  is  on.  There  is  a  device  for  overcoming  that,  by  using  a  hand 
that  moves  all  at  once.  Sometimes  we  use  what  is  known  as  the 
Greneva-stop  movement  in  watches,  but  that  introduces  a  friction. 
It  seems  to  me  that  by  running  a  little  extra  energy  from  the  main 
current,  that  friction  could  be  overcome  at  the  point  where  it  in- 
terferes with  the  meter. 

Prof.  K.  O.  Heinrioh  : — Having  heard  from  Mr.  Haskins  about 
the  general  lines  on  which  the  inventive  genius  has  been  at  work 
in  this  very  serious  meter  question,  we  would  all  I  am  sure,  be 
thankful  to  the  gentleman  if  he  would  give  us  from  his  large 
experience  some  information  on  the  general  behavior  of  those 
meters  which  came  under  his  observation.  There  is  very  little 
literature  on  this  subject,  beyond  the  mere  description  of  meters 
usually  in  connection  with  the  indefinite  statement  that  the 
apparatus  is  extremely  accurate. 

1  beg  to  anticipate  such  information  in  giving  some  details  on 
the  Teague  meter,  of  English  make  which  was  shown  to  me  as 
one  of  the  very  few  which  were  approved  by  the  Board  of 
Trade.  From  this  statement  we  must  assume  that  the  London 
Board  of  Trade  is  satisfied  with  an  accuracy  as  shown  by  this 
meter. 
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This  Teagne  meter  ia  a  motor  meter,  in  principle  and  con- 
stmction  exceedingly  simple  and  certainly  very  commendable 
as  f ar  ae  that  ie  ooncerued.  It  ie  very  compact,  np  to  a  capacity 
of  50  amperes,  it  is  6^  inches  in  height,  4^  inches  wide  and  6} 
indies  deep  at  its  base.  In  the  cross-section  shown  In  Fig.  8, 
I  represents  a  cast-iron  cylindrical  shell,  with  the  cast-iron  parts  i, 
and  I]  screwed  in  at  top  and  bottom.  The  latter  two  form  the 
two  concentric  poles  of  an  electro-magnet  which  is  excited  by  the 
field  winding  w.  A  very  intense  field  is  thus  formed  in  the  cir- 
cular space  between  i,  and  ij.     The  armature  consists  of  a  copper 
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Fio,  3.— CroBft-i^ectlon  of  Teague  Meter. 

I.     Cut-inn  ■hcll.wilh  pole  picco  I  and  11. 
W.  Shuat  wound  f>M. 


cylinder  closed  at  the  top  and  pivoted  in  a  hole  drilled  into  the 
central  iron  core  i;.  This  copper  cylinder  is  thus  free  to  rotate 
abont  its  central  axis,  this  rotation  being  communicated  to  a 
re^stering  device  in  the  usual  way. 

The  lower  part  of  the  interior  at  s  s  is  filled  with  an  insalating 
material,  so  as  to  form  a  circuit  through  m  m  partially  tilled 
with  mercury.  Mercury  conneclion  is  likewise  made  at  the 
point  where  the  armature  is  pivotetl.  The  main  current  passes 
into  the  lower  mercury  through  m  m,  thence  through  the  copper 
cylinder  to  m,  where  the  metal  of  the  electro-magnet  forms  the 
other  connection  with  the  main  circuit.    The  field  winding  w  w 
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is  connected  in  shunt  to  the  main  circuit.  Those  parts  of  the 
armature  which  are  immersed  in  the  mercury  are  nickel  plated^ 
which  is  claimed  to  be  preferable  to  amalgamated  contacts. 

In  a  similar  meter  shown  to  me  at  the  same  time  bv  the  in- 
yentor.  Professor  Perry,  the  concentric  poles  of  the  electro-mag- 
net had  a  fluted  surface  so  that  the  toothlike  projections  of  the 
external  pole  were  placed  opposite  to  similar  projections  of  the 
internal  pole.  [See  Fig.  3.]  The  armature  would  thus  rotate  in 
magnetic  field  of  varying  intensity,  the  induced  currents  genera- 
ted during  rotation  in  the  armature  increasing  the  "drag"  which 
is  a  very  desirable  feature,  as  Mr.  Haskins  has  pointed  out. 
Professor  Perry  also  proposes  to  immerse  his  armature  almost 
entirely  in  mercury,  so  that  the  surface  tension  and  friction 
connected  therewith,  will  only  exist  where  the  shaft  of  the  armar 


Fio.  8. — Perry's  Meter.    Horizontal  cross-section  of  field  magnets. 


ture  emerges  itova  the  mercury.  (Mercury  to  be  used  for  the 
purpose  01  making  contact  for  large  currents  does  not  seem  to  me 
to  be  a  desirable  and  practical  feature  of  a  meter  under  any  cir- 
cumstances.) 

Hetuming  to  the  Teague  meter,  I  was  informed  by  the  maker, 
that  its  greatest  number  of  revolutions  does  not  exceed  25  per 
minute,  which  would  be  a  very  good  feature  of  this  meter.  The 
speed  curve  given  to  me  and  represented  in  the  diagram.  Fig.  4, 
represents  most  likely  the  meter  at  its  best,  otherwise  it  would  not 
have  been  made  public.  This  curve  is  taken  from  a  meter  which 
is  to  register  from  half  an  ampere  up  to  25  amperes.  The  fol- 
lowing table  is  compiled  from  the  speed  curve,  in  which  the  heavy 
line  indicates  rising,  the  dotted  line  falling  current.  The  reaa- 
ings  were  taken  at  a  temperature  in  the  case  of  25.5  C. 
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PERCENTAGE  DIFFERENCE  FROM  MEAN.  | 

WATT-HOURS  PER 
TURN. 

Rising  Current. 

Falling  Current.         ( 

CURRENT 

Rising 
Current. 

Falling 
Current. 

Mean  3.755 

Mean  3.67 

Mean  a.755 

Mean  a.67 

0.6 

I 

amp. 

3.60 

4.30 
3.90 

1 35  p«!:.«^ 

-  -  30 

-38.7  per  c 
-34.8    •* 

4-5X   perc 

-57  perc 
-46 

a 

a.90 

a. go 

+    5      *• 

-  8.6    •• 

4-  5-5    " 

-  8.6    " 

3 

3.68 

3.68 

-   2.5  •• 

-  0.4    •* 

-  3.5    " 

-  1.8    " 

-  0-4    " 

4 

3.68 

a  70 

-   2.5  " 

-  0.4    " 

-  X.x    ** 

5 

3.68 

3.73 

-    2.5   •* 

-  04    ** 

l.X      " 

-  »-9    " 

6 

3.68 

2.73 

—   2.5  " 

-  0.4    »' 

--  0.78  ** 

-  3.9    " 

I 

3.70 
3.70 

3.60 
3.50 

—  1.8  " 

—  X.8  '• 

-  i.i    •» 

-  i.i    *• 

—  9.0 

—  3.6    " 

—  10.X    " 

9 

3.63 

3.70 

-   4.3  " 

-  1.5    " 

-  1.8  •• 

-    X  X     ** 

lO 

3.63 

3.70 

-   4.3  " 

-  1.5    " 

- 1.8  " 

-    X  t      '* 

IX 

a. 63 

3.70 

-   4.3  " 

-  X.5    " 

—  1.8    '« 

-     XI      *' 

xa 

a. 63 

3.70 

-    4.3   " 

-  1.5    " 

—  1.8    " 

-    IT      ** 

*3 

a.63 

3.70 

-   4.3  " 

-  1.5    •• 

-    1.8    " 

-    XX      ** 

X4 

a.63 

3.70 

-   4.3  •* 

-  1.5    ** 

—  1.8    " 

-     IX       *' 

'5 

a.63 

3.70 

-    4.3  *' 

-  '5  •; 

-   1.8    " 

-    IT      '* 

i6 

3.64 

3.70 

-    4-0  •' 

—  x.x    •• 

-  1,8    " 

-    x*i      ** 

\l 

3,65 

3.65 

-    3.6  " 

-  0.75  " 

-  3.6    " 

-  0.7    " 

3.66 

3.58 

-    3.2   •* 

-  0.4    " 

—  6.3    " 

-  3.4    '* 

^9 

3.68 

a.57 

-    2.5   " 

-  0.4    *• 

-  6.5    " 

-  4.0    " 

so 

3.69 

2.58 

—    3.1   " 

+  0.75  *' 

—  6.3    ** 

-  3-4    '* 

at 

3.70 

3.59 

—    1.8  " 

--  I.I    •• 

-  5.8    " 

-  3.0    " 

93 

3.68 

9.60 

-    as  *' 

+  0.4    •♦ 

-  5.5    " 

—  a.6    " 

33 

3.60 

3.65 

-   S.O  " 

-  3.6    •• 

-  3.6    " 

-  0.7    " 

94 
25 

3.64 
3.69 

3.69 
3.69 

4.0  " 

—   3.1   " 

—  I.I    '* 
+  0.75  " 

—  a.2    »• 

-  3.2    " 

+  0.7    " 
+  0.7    " 

Total 

mean. 

3.74 

3.77 

Mean  of  total  number  of  observations  3.755  Watt-hours  per  turn. 
Mean  of  last  34  observations  3.67  **  ** 

This  meter  shows  bad  frictional  errors  for  the  lower  ran^;e8, 
and  is  not  reliable  below  three  amperes,  that  is  below  12  per  cent, 
of  its  maximum  capacity.  Taking  the  useful  range,  from  3  to 
25  amperes,  this  meter  is  right  within  about  2  per  cent.,  the  error 
being  in  this  case  mostly  in  favor  of  the  consumer  apparently, 
although  the  percentage  error  for  rising  and  falling  current 
would  to  some  extent  have  an  equalizing  effect.  *  It  would  how- 
ever, be  only  a  question  of  time  and  of  a  very  short  time  at  that, 
when  the  error  would  be  entirely  against  the  consumer,  since  the 
frictional  errors  in  this  type  of  meter  must  increase  very  rapidly. 
It  is  quite  a  different  thing  to  criticize  an  instrument  from  a  labo- 
ratory test,  and  from  tests  made  in  actual  practice  extending  over  a 
longer  period.  The  Board  of  Trade  ot  London  seems  then  to 
be  satisned  with  an  accuracy  as  exhibited  by  this  meter;  I  do 
not  think  we  would  be  satisfied  with  it  in  this  country. 

Mr.  Haskins  mentions  in  his  paper,  "  that  the  watt  is  the  only 
true  unit  for  the  measurement  of  electricity  by  meter."  In 
principle  I  a^e  in  this  completely  with  Mr.  Haskins,  but  the 
general  public  seems  to  think  otherwise.  This  very  day  I  was 
informea  by  a  gentleman  from  one  of  the  Edison  illuminating 
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companies,  that  his  custoinere  want  their  bills  in  ampere,  or  rather 
lamp  hours.  Ab  an  advantage  of  this  way  of  rendering  the  bills 
they  claim,  that  they  know  how  many  amperes  a  lamp  takes,  and 
if  they  wish  to  check  their  meters  they  can  note  the  number  of 
hours'and  the  number  of  lights  which  they  use,  and  thns  check 
their  bills.  If  the  bill  was  rendered  in  watts  or  kilowatts,  99  per 
cent,  of  the  customers  would  he  eutirely  at  sea  as  to  what  it 
meant,  and  tlierefore,  they  claim  would  not  have  the  means  of 
making  a  rough  check  on  the  meter.  At  the  present  state  of  the 
meter  question,  I  do  not  know  whether  it  is  so  very  desirable  for 
the  prodocer  to  have  the  customer  get  a  cheek  on  the  meter. 
In  most  of  the  motor  meters,  I  think,  though  I  am  not  so  very 
familiar  with  tliis  subject,  the  energy  consumed  is  considerable, 
and  I  have  heard  frequently  in  connection  with  the  Thomson 
meter,  that  in  comparison  with  the  chemical  meter,  it  is  decid- 
edly inferior  so  far  as  the  energy  consumed  is  concerned. 
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The  mentioning  of  the  use  of  graphical  registering  devices 
reminds  me  of  a  patent  which  I  noticed  only  recently  m  which 
puncturing  by  means  of  a  ipark  passing  from  the  pointer  to  a 
metallic  drum  is  made  use  of.  I  have  serious  doubts  whether  this 
would  be  practical,  since  I  should  certainly  think  that  the  static 
charge  on  the  pointer  and  on  another  conductor  in  its  neighbor- 
hood, would  seriously  interfere  with  the  indications  of  the 
instrnmeot. 

I  shonld  not  think  that  the  winding  up  of  a  clock  meter,  (and 
I  am  convinced  that  the  difhculties  are  so  far  best  solved  in  clock 
meters)  is  a  very  serious  objection.  We  have  to  send  somebody 
to  read  the  meter  and  it  would  be  just  as  well  for  the  man  to 
wind  it  ap  at  the  same  time. 

Mr.  "Wolcott  has  already  touched  upon  the  question  of  the  influ- 
ence of  self-induction  in  wattmeters  for  alternating  current,  in&s- 
mach  as  they  might  be  claimed  to  give  correct  retKlings  for  very 
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different  frequencies.  In  watt  measurements  in  inductiv^e  circuits, 
we  may  be  able  to  reduce  such  errors  to  a  minimum  for  a  special 
case,  but  not  for  all  possible  cases. 

The  construction  of  a  wattmeter  equally  well  adapted  for  the 
measurement  of  energy  in  continuous  and  alternating  current 
circuits  presents  very  great  difficulties,  and  I  am  satisfied,  that  at 
the  present  time  we  are  not  in  possession  of  a  meter  which  will 
do  this  satisfactorily.  It  would  be  interesting  to  hear  more  from 
Mr.  Haskins  about  the  efficiency  of  such  meters  as  have  come 
under  his  observation. 

Mb.  Fred.  W.  Tischendoerfer  : — In  regard  to  Mr.  Haskins's 
conclusion  about  motor  meters,  I  would  like  to  call  your  attention 
to  a  recording  wattmeter  invented  by  Mr.  Hummel,  which  fulfills 
all  the  conditions  mentioned  as  necessary  for  an  accurate  and  sensi- 
tive apparatus.  Tliese  motor  meters  I  refer  to,  have  been  in  prac- 
tical use  since  1886,  and  were  exhibited  at  the  Frankfort  exposi- 
tion. In  Schuckert  and  Company's  catalogue,  including  their 
exhibited  machines  and  apparatus,  the  plates  and  description  of 
this  direct-reading  meter  are  given.  The  armature  and  field  have 
no  iron.  The  field  is  in  the  main  circuit,  and  the  armature, which 
carries  a  commutator  with  a  few  segments,  is  connected  in  deriva- 
tion. To  balance  the  mechanical  friction,  and  at  the  same  time 
to  start  the  motor  at  a  small  percentage  of  the  maximum  current, 
for  which  the  instrument  is  built,  a  fine  wire  field  coil,  connected 
in  shunt  to  the  line,  is  provided  for.  For  damping  the  speed  of 
the  motor,  the  armature  shaft  carries  a  copper  disk  which  revolves 
between  the  poles  of  an  electro  magnet,  the  latter  being  also  in 
shunt  to  the  line  terminals,  thus  securing  a  constant  damping  co- 
efficient. The  sensitiveness  of  the  apparatus  is  such,  that  read- 
ings are  made  at  one  per  cent,  of  the  maximum  current  the  meter 
is  made  for,  and  the  exactness  of  the  apparatus,  found  by  many 
tests,  gives  a  maximum  error  of  less  than  one  and  a  half  per  cent. 
The  patent  of  this  recording  wattmeter  dates  from  the  year 
1887.  I  would  like  to  show  the  plates  to  any  one  interested 
in   it. 

Mr.  a.  E.  Kennelly  :  —In  regard  to  the  question  whether  a 
meter  should  be  made  an  ammeter  or  a  wattmeter,  1  have  the 
honor  to  diflEer  with  the  author  to  some  extent.  When  power  is 
delivered,  when  a  motor  is  operated,  from  a  continuous  current 
circuit,  a  wattmeter  is  indeed  preferable,  since  if  the  pressure  falls 
below  the  normal,  the  consumer  is  deprived  of  the  full  measure 
of  power  to  which  he  is  entitled,  but  in  electric  lighting 
the  case  is  so  different  that  surely  a  different  consideration  ap- 
plies. The  consumer  seeks  illumination,  and  not  power.  lie 
IS  indifferent  to  the  amount  of  power  absorbed  by  his  lamps, 
when  the  terms  of  his  contract  have  once  been  decided.  If  the 
illumination  from  an  incandescent  lamp  varied  directly  with 
the  voltage,  then  indeed  it  might  be  desirable  to  record  the 
volts  and  amperes  conjointly,  but  as  no  such  simple  relationship 
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obtains,  the  necessity  for  a  wattmeter  seems  to  disappear.  All 
the  recording  ammeters  in  use  to  day  are  merely  lamp  counters, 
and  the  charge  is  usually  based  simply  upon  the  lamp-hour  and 
not  upon  the  watt-hour.  The  necessity  for  regulating  the  volt- 
age is  forced  upon  the  central  station,  partly  owing  to  the  exces- 
sive lamp  breakage  that  would  result  from  too  high  a  pressure, 
and  partly  because  the  consumers  complain  when  the  illumina- 
tion is  not  up  to  the  standard. 

The  important  question  which  has  been  raised  concerning  the 
applicability  of  meters  to  alternating  current,  and  to  continuous 
current  circuits,  without  a  change  in  their  constants,  is  a  very  im- 
portant one  and  depends  almost  wholly — does  it  not? — upon  the 
amount  of  non-inductive  resistance,  which  is  necessarily  in  one  or 
the  other  circuit.  If  the  field, say  as  in  the  Thomson  meter,  is  in 
the  direct  circuit  of  the  lamp,  then  the  armature,  we  will  suppose, 
is  in  shunt,  and  the  armature  must  have  a  certain  inductance.  If 
there  is  no  iron  in  the  armature,  then  that  inductance  can  be  quite 
appreciable,  provided  that  the  non-inductive  resistance  in  the  cir- 
cuit is  so  large  that  the  impedance  of  the  two  in  series  shall  not 
be  more  than,  say,  one  per  cent,  greater  than  the  simple  resist- 
ance to  the  continuous  current,  and  knowing  the  inductance  and 
the  frequency,  I  think  it  will  be  found  that  a  considerable  margin 
is  allowed  in  this  way  for  meters  not  employing  iron. 

Mr.  C.  R.  Van  Trump  : — Regarding  what  Mr.  Kennelly  has  said 
respecting  a  motor  meter  or  a  watt-meter,  as  a  central  station 
engineer  I  beg  to  approve,  and  to  further  say  that  I  cannot  see  that 
the  meter  should  oe  the  exception  in  the  case.  In  fact  having 
operated  a  great  number  of  Edison  chemical  meters,  and  recently 
taken  up  the  Thomson  meter,  the  wattmeter  which  has  been  so 
ably  described.  I  have  put  the  chemical  meter,  the  ampere-meter, 
on  the  motors,  and  the  watt-meter  on  the  lights.  We  are  opera- 
ting a  great  many  cranes,  quite  large  cranes,  all  the  way  from  10, 
15,  20  and  25  tons.  In  one  case  the  factory  is  about  a  mile  away 
from  the  station,  and  operated  entirely  by  electricity.  Ordinarily 
the  average  load  on  the  cranes,  perhaps,  would  not  be  over  five 
horse-power  for  a  whole  day,  but  at  times  the  operator  will  throw 
on  as  much  as  50  or  60  horse-power.  Now  from  a  central  station 
point  of  view,  are  we  to  put  an  investment  of  copper  down  there 
to  keep  his  pressure  up  to  the  nonnal,  or  are  we  to  put  an  ampere- 
meter on,  and  charge  hitn  with  the  loss  in  the  line,  which  would 
occur  when  he  put  enormous  loads  on  the  mains  at  a  considerable 
distance  from  the  station  ?  It  is  merely  a  question  of  who  is  to 
pay  for  the  drop,  the  customer  or  the  central  station,  supposing 
of  course  that  tne  line  is  of  ample  capacity  for  the  normal  load. 
We  think  it  should  come  on  the  consumer.  One  feature  that  I 
have  found  in  looking  into,  and  selecting  the  Thomson  meter  is 
just  the  question  of  what  the  variation  is,  under  different  loads 
which  was  brought  up  in  the  discussion  referring  to  a  foreign 
meter,  and  I  womd  liKe  to  know  if  it  is  possible,  just  what  the 
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nnmber  of  turns  under  different  loads,  or  what  the  variation  in 
the  nnmber  of  turns  per  watt-hours  should  be  on  the  Thomson 
meter  for  different  loads. 

Mb.  J.  OvERBUBY : — There  is  one  objection  to  the  Thomson 
meter,  or  to  any  wattmeter  that  employs  an  armature  in  shunt, 
that  I  think  has  not  been  mentioned,  and  that  is  the  question  of 
operating  expense.  To  get  sufficient  torque,  the  armature  requires 
a  current  of  about  one-tenth  of  an  ampere,  and  as  this  cnrrent  is 
flowing,  even  when  the  meter  has  stopped  and  the  lights  turned 
off,  it  would  amount  to  over  $20.00  a  year  for  each  meter,  allow- 
ing that  the  current  could  have  been  sold  instead  of  wasted. 

Now,  if  we  could  by  any  means  cut  out  this  armature  during 
the  fifteen  or  eighteen  hours  that  the  meter  is  idle,  it  would  over- 
come one  of  the  strongest  objections  some  operating  superintend- 
ents and  users  have  to  this  type  of  meter. 

This  cutting  out  of  the  armature  could  be  accomplished  by  at 
least  one  method,  as  shown  : 

In  this  device,  a  fine  coil  connected  as  a  shunt  to  the  field  coils^ 
by  its  magnetic  pull,  closes  a  switch  placed  in  the  armature  circuity 
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whenever  the  current  is  being  used.  When  the  lamps  are  turned 
off,  the  shunt  ceases  to  work  and  a  spring  opens  the  armature  cir- 
cuit. 

Mr.  Cabyl  D.  Haskins  : — I  do  not  know  that  I  succeeded  in 
catching  notes  of  all  that  was  brought  forward. 

I  do  not  think  I  need  go  into  the  question  of  mutual  and  self- 
induction  in  such  meters  as  the  Thomson  meter.  I  regret  that 
my  use  of  the  term  "  of  course  "  was  unfortunate.  I  think  Mr. 
Kennelly  covered  the  ground  and  explained  the  matter  better 
than  I  could.  It  must  oe  rememberea  that  meters  of  this  class 
are,  I  think  I  may  say,  uniformly  made  without  iron,  and  again, 
the  resistance  of  the  armature  winding  is  not  as  great  as  the  re- 
sistance in  series  with  it ;  the  total  resistance  of  armature  circuit 
is  high,  and  the  turns  of  the  field  are  low,  so  that  while  there 
doubtless  is  a  certain  amount  of  self  and  mutual  induction  effect 
there,  it  is  so  slight  that  the  most  careful  experiments  find  it  to 
be  a  negligible  quantity — a  quantity  which  may  be  neglected,  not 
only  in  calibrating  meters,  but  in  testing  them  for  close  and  accu- 
rate results. 
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The  same  gentleman  who  brought  np  this  question,  brought  np 
the  question  of  the  dial.  He  called  our  attention  to  a  f^tet  whicn 
everybody  who  has  to  read  gas  meters  found  out  some  time  ago: 
namely,  tnat  the  dial  is  not  always  where  it  seems  to  be.  [Ke- 
f  erring  to  Fiff.  6.1  For  illustration,  suppose  there  are  two  dials,  and^ 
as  is  ^nerally  the  case  with  dials  ox  this  kind,  each  hand  or  each 
wheel  runs  ten  times  slower  than  the  one  next  nearer  to  the  mo- 
tor. Now,  if  the  very  simple  rule  be  followed,  that  dials  of 
meters,  whether  electric-meters,  ^as-meters,  or  any  other  kind, 
must  be  read  from  the  dial  which  is  nearest  to  the  motor  mech- 
anism— the  dial  which  runs  fastest — in  the  case  of  the  Thomson 
meter,  the  dial  which  is  on  the  extreme  right,  and  if  we  remem- 
ber that  the  dial  last  read  must  always  confirm  the  one  next  to  be 
read,  we  cannot  possibly  make  a  mistake.  For  example,  suppose 
the  hand  to  the  extreme  right  stands  approximately  on  9.  That 
teUs  us  that  this  hand  has  made  nine-tenths  of  the  revolution. 
Each  of  the  divisions  in  the  next  dial  is  equal  to  a  revolution  of 
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this  dial.  Consequently,  if  this  hand  has  made  nine-tenths  of  a 
revolution,  that  band  has  made  nine-tenths  of  the  division. 
Therefore,  it  is  nine-tenths  of  the  way  from  one  number  to  the 
next — it  may  be  ten-tenths  of  the  way  to  the  one  it  may  appear 
to  rest  on  ;  but  this  shows  us  positively,  and  I  think  any  one  who 
has  been  used  to  noting  gas-meters  much,  will  not  have  that  dif- 
ficulty. 

Referring  to  the  other  kind  of  dial,  the  dial  which  moves  along 
at  points,  it  IS  familiar  to  me.  It  operates,  I  believe,  by  eimosing 
the  figures  in  square  holes.  I  would  say  there  are  many  devices 
like  that,  and  most  of  them  involve  a  great  deal  of  friction,  and 
friction  is  a  very  bad  thing.  I  have  been  asked  to  say  what  the 
various  meters  that  we  have  with  us  to-day  will  do,  and  I  think 
1  can  combine  with  that,  a  reply  as  to  what  the  Board  of  Trade 
over  the  water  asked  for,  and  what  accuracy  they  were  satisfied 
with.  I  think  I  can  safely  say  that  we  are  not  satisfied,  the  pub- 
lic is  not  satisfied,  in  this  country,  with  medium-sized  meters  in- 
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nnmber  of  tnms  under  different  loads,  or  what  the  variation  in 
the  number  of  turns  per  watt-hours  should  be  on  the  Thomson 
meter  for  different  loads. 

Mb.  J.  OvERBUBY : — There  is  one  objection  to  the  Thomson 
meter,  or  to  any  wattmeter  that  employs  an  armature  in  shunt, 
that  I  think  has  not  been  mentioned,  and  that  is  the  question  of 
operating  expense.  To  get  sufiicieiit  torque,  the  armature  requires 
a  current  of  about  one-tenth  of  an  ampere,  and  as  this  current  is 
flowing,  even  when  the  meter  has  stopped  and  the  lights  turned 
off,  it  would  amount  to  over  $20.00  a  year  for  each  meter,  allow- 
ing that  the  current  could  have  been  sold  instead  of  wasted. 

Now,  if  we  could  by  any  means  cut  out  this  armature  during 
the  fifteen  or  eighteen  hours  that  the  meter  is  idle,  it  would  over- 
come one  of  the  strongest  objections  some  operating  superintend- 
ents and  users  have  to  this  type  of  meter. 

This  cutting  out  of  the  armature  could  be  accomplished  by  at 
least  one  method,  as  shown  : 

In  this  device,  a  fine  coil  connected  as  a  shunt  to  the  field  coils, 
by  its  magnetic  pull,  closes  a  switch  placed  in  the  armature  circuity 
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whenever  the  current  is  being  used.  When  the  lamps  are  turned 
off,  the  shunt  ceases  to  work  and  a  spring  opens  the  armature  cir- 
cuit. 

Mr.  Caryl  D.  Haskins  : — I  do  not  know  that  I  succeeded  in 
catching  notes  of  all  that  was  brought  forward. 

I  do  not  think  I  need  go  into  the  question  of  mutual  and  self- 
induction  in  such  meters  as  the  Thomson  meter.  I  regret  that 
my  use  of  the  term  "  of  course  "  was  unfortunate.  I  think  Mr. 
Kennelly  covered  the  ground  and  explained  the  matter  better 
than  I  could.  It  must  oe  remembered  that  meters  of  this  class 
are,  I  think  I  may  say,  uniformly  made  without  iron,  and  again, 
the  resistance  of  the  armature  winding  is  not  as  great  as  the  re- 
sistance in  series  with  it ;  the  total  resistance  of  armature  circuit 
is  high,  and  the  turns  of  the  field  are  low,  so  that  while  thei-e 
doubtless  is  a  certain  amount  of  self  and  mutual  induction  effect 
there,  it  is  so  slight  that  the  most  careful  experiments  find  it  to 
be  a  negligible  quantity — a  quantity  which  may  be  neglected,  not 
only  in  calibrating  meters,  but  in  testing  them  for  close  and  accu- 
rate  results. 
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The  Bame  gentleman  who  brought  np  this  question,  brought  np 
the  question  of  the  dial.  He  called  onr  attention  to  a  fact  whicn 
everybody  who  has  to  read  gas  meters  found  out  some  time  ago: 
namely,  tnat  the  dial  is  not  always  where  it  seems  to  be.  [Ke- 
f erring  to  Fiff.  6.1  For  illustration,  suppose  there  are  two  dials,  and, 
as  is  generally  the  case  with  dials  ox  this  kind,  each  hand  or  each 
wheel  runs  ten  times  slower  than  the  one  next  nearer  to  the  mo- 
tor. Now,  if  the  very  simple  rule  be  followed,  that  dials  of 
meters,  whether  electric-meters,  ^as-meters,  or  any  other  kind, 
must  be  read  from  the  dial  which  is  nearest  to  the  motor  mech- 
anism— the  dial  which  runs  fastest — in  the  case  of  the  Thomson 
meter,  the  dial  which  is  on  the  extreme  right,  and  if  we  remem- 
ber that  the  dial  last  read  must  always  confirm  the  one  next  to  be 
read,  we  cannot  possibly  make  a  mistake.  For  example,  suppose 
the  hand  to  the  extreme  right  stands  approximately  on  9.  That 
tells  us  that  this  hand  has  made  nine-tenths  of  the  revolution. 
Each  of  the  divisions  in  the  next  dial  is  equal  to  a  revolution  of 
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this  dial.  Consequently,  if  this  hand  has  made  nine-tenths  of  a 
revolution,  that  nand  has  made  nine-tenths  of  the  division. 
Therefore,  it  is  nine-tenths  of  the  way  from  one  number  to  the 
next — it  may  be  ten-tenths  of  the  way  to  the  one  it  may  appear 
to  rest  on  ;  but  this  shows  us  positively,  and  I  think  any  one  who 
has  been  used  to  noting  gas-meters  much,  will  not  have  that  dif- 
ficulty. 

Keierring  to  the  other  kind  of  dial,  the  dial  which  moves  along 
at  points,  it  IS  familiar  to  me.  It  operates,  I  believe,  by  exposing 
the  figures  in  square  holes.  I  would  say  there  are  many  devices 
like  that,  and  most  of  them  involve  a  great  deal  of  friction,  and 
friction  is  a  very  bad  thing.  I  have  been  asked  to  say  what  the 
various  meters  that  we  have  with  us  to-day  will  do,  and  I  think 
1  can  combine  with  that,  a  reply  as  to  what  the  Board  of  Trade 
over  the  water  asked  for,  and  what  accuracy  they  were  satisfied 
with.  I  think  I  can  safely  say  that  we  are  not  satisfied,  the  pub- 
lic is  not  satisfied,  in  this  country,  with  medium-sized  meters  in- 
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tended  for  average  loads,  which  will  not  do  better  than  35  to  45 
per  cent,  error,  even  on  the  very  lightest  load.     I  do  not  wish  to 

r)  into  the  question  of  jnst  what  each  individnal  meter  will  do. 
think  it  would  hardly  be  my  right  to  do  so.  Bat  I  will  give  a 
few  illustrative  curves.  Let  ns  make  a  number  of  ordinates  here. 
Let  DB  assume  that  this  line,  here,  which  I  have  marked  0,  is  the 
line  of  0  error.  Let  us  suppose  that  each  line  above  the  0  indi* 
eates  that  the  instrument  at  that  particular  load  is  five  per 
cent,  fast,  and  that  each  line  below  the  0  indicates  tnat 
the  instrument  at  that  particular  point  is  five  per  cent, 
slow.  Let  us  assume  that  a  is  one  lamp,  and  b  three  lamps,  o 
is  five  lamps,  d  ten  and  k  fifteen.  Then  the  inductive  meters, 
as  a  class,  as  I  have  found  them  in  this  country,  tend  to  show  ns  a 
cnrve  which  starts  at  one  light  somewhere  down  here,     (x)- 
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Please  bear  in  mind  that  I  do  not  bind  myself  to  any  particular 
percentage  of  error  there,  because  no  two  individual  meters  will 
give  UB  the  same  error.  1  have  seen  meters  ic  the  same  shipment, 
of  these  inductive  meters,  which  would  run  all  the  way  from  50 
per  cent,  slow  on  oue  lamp,  to  not  more  thau  15,  So  that  1 
cannot  lay  down  any  positive  rule.  But  the  meter  starts  slowly. 
That  is  friction  which  is  not  compensated  for.  The  curve  comes 
up  here,  but  as  a  rule,  I  have  found  it  in  medium  sizes  running 
rather  slow,  till  past  the  three-light  point.  It  then  strikes  this 
line  (0  ).  It  generally  goes  a  little  above  it.  It  keeps  on  follow- 
ing it  with  a  falling  tendency  till  it  gets  to  its  maximum  load.  I 
have  found  that  that  curve  varies.  Sometimes  the  error  here  is 
less,  and  the  error  above  is  more,  and  vim  versa.     But  it  main- 
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tains  that  characteristic,  and  as  soon  as  it  be^ns  to  be  over-loaded 
it  drops  oflE — ^that  effect  I  mentioned,  of  dra^  increasing  more 
rapidly  than  the  torque.  The  meter  which  I  spoke  of  in  my 
paper  which  had  folding  fans,  started  in  something  like  this, 
(curve  2)  I  am  speaking  of  individual  meters  which  I  have 
tested.  I  think  I  can  explain  this.  That  curve  is  greatly  exagger- 
ated. That  low  start  is  friction  again.  The  curve  goes  up  here. 
That  is  all  right.  Perhaps  our  zero  line  ought  to  be  there.  In 
reality  the  meter  may  have  been  calibrated  too  high.  Here  the 
fans  begin  to  shut  up  by  the  device  which  closes  them  like  a  steam 
enffine  governor.  That  causes  the  retarding  effect — the  drag — 
to  increase  much  less  rapidly,  and  the  meter  speeded  up  a^ain. 
This  fall  here  was  caused  before  the  fans  began  to  be  moved  by 
centrifugal  force.  Here  the  fans  got  closed  up  entirely,  and  the 
resistance  increased  more  rapidly  than  the  torque. 

Taking  out  these  lines,  I  will  draw  a  characteristic  curve,  as  I 
have  found  it  with  a  great  many  tests  of  Thomson  meters  of 
average  size.  (Curve  3.)  This  is  onr  zero  line  again.  The  law  of  the 
meter  is  correct,  the  only  error  which  we  find  being  on  the  lower 
reading  where  possible  iriction  is  not  properly  compensated  for.  I 
have  tested  meter  after  meter  which  did  not  show  that  dropping 
curve  even  on  one  lamp.  I  might  go  into  an  endless  number  oi 
curves  of  various  meters,  but  1  do  not  think  it  is  called  for.  I 
do  not  know  that  I  need  to  comment  on  the  meter  described  just 
now.  It  has  found  its  parallel  in  two  or  three  other  meters,  and 
after  all,  it  is  not  so  much  unlike  the  meter  I  described  as  having 
a  rotating  basin  of  mercury.  It  might  be  described  as  a  form  of 
the  disk  meter  with  modifications. 

As  to  the  question  of  the  watt-hour,  whether  the  watt-hour  is 
the  proper  basis  to  charge  by :  first,  I  think  we  ought  to  consider 
that  the  watt-hour  is  a  universal  hams,  A  watt-hour  means  just 
the  same  thing  whether  a  man  is  using  5()0  volts,  or  5()  volts,  or 
10  volts,  or  1,000  volts.  It  is  a  watt-hour,  and  has  a  meaning,  no 
matter  what  the  voltage  is.  That  enables  us  to  have  uniformity 
of  rates  and  uniformity  of  constants,  and  to  do  away  with  the 
confusion  that  results  from  a  number  of  constants.  Again,  it  is 
undoubtedly  the  unit  of  power,  and  it  seems  to  me  that  what  the 
station  man  wants  to  measure,  is  what  he  is  putting  into  the  lamps. 
I  think  that  measurement  by  ampere-hours,  which  by  the  way, 
is  generally  warped  by  the  customer  into  the  term  "  lamp-hour^' 
(which  is  very  deceptive),  is  much  as  if  we  had  started  by  charg- 
ing for  gas  by  the  burner-hour,  irrespective  of  what  is  burned. 
Now,  it  is  very  common  in  some  places  for  the  consumer  to  furnish 
his  own  lamps — very  common  indeed — especially  amonsr  small 
stations,  and  if  the  consumer  furnishes  his  own  lamps,  perhaps  he 
furnishes  a  lamp  that  takes  7<*  or  80  watts :  then  he  will,  as  a  rule, 
object  to  his  bill  very  strongly,  because  he  counts  his  lamps  and 
he  counts  his  hours,  and  his  meter  does  not  agree  and  does  not  tell 
him  the  some  story.     The  same,  again,  with  fluctuations  of  the 
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pressure — the  old  story  that  the  "  lamp-hour  "  meter  is  not  what 
IS  wanted,  because  eveir  fluctuation  of  pressure  introduces  an  op- 
portunity for  a  quarrel  between  the  consumer  and  the  station 
man.  1  think  I  might  enlarge  on  this  much  more  fully,  if  I  dared 
to  take  more  time. 

A  very  important  question  was  touched  on  here  to-night,  and 
that  is  the  energy  that  is  expended  in  the  meter.  I  think  the 
statement  which  was  made  is  misleading.  Surely,  what  the  sta- 
tion superintendent  or  the  station  manager  wants  to  know  is, 
"  how  much  more  will  it  cost  me  to  operate  my  system  with  a 
meter  using  a  certain  fraction  of  an  ampere  all  the  time,  than  it 
does  to  operate  my  system  without  that  meter?"  Well,  to  gen- 
erate that  amount  more  current,  it  is  not  likely  that  he  would 
have  to  put  in  any  more  djTiamos,  or  any  more  engines,  or  add  to 
his  battery  of  boilers,  ife  would  probably  not  employ  any  more 
linemen,  or  any  more  station  men,  or  any  more  wire  men.  He 
would  bum  a  little  more  coal.  He  would  probably  evaporate  a 
little  more  water.  He  might  possibly  use  a  little  more  oil.  In 
other  words,  it  is  the  difference  between  the  cost  of  running  the 
station  without,  and  running  the  station  with,  meters  that  he 
must  consider ;  he  must  not  say,  ''  Here  are  so  many  amperes  that 
my  meters  '  consume,'  and  I  get  a  cent  an  ampere-hour,  and  my 
meters  are  costing  me  four  million  dollars  a  minute."  I  think 
that  if  the  drop  on  the  line,  or  any  of  the  many  losses  the  station 
man  has  to  meet,  were  considered  on  the  basis  of  what  he  could 
sell  that  amount  of  current  for,  he  would  soon  find  the  debit  side 
of  his  books  discouraging. 

I  do  not  think  that  I  need  reply  specifically  to  the  difliculties 
which  a  gentleman  presented  relative  to  the  use  of  the  watt- 
meter on  an  electric  crane,  the  crane  being  remote  from  the 
station,  and  there  consequently  being  a  considerable  drop  on  the 
line.  I  do  not  quite  see  how  this  bears  uf)on  the  meter  question 
at  all.  Yet  it  seems  to  me  that  it  simply  means  that  a  good  deal 
of  energy  was  being  wasted  in  getting  the  power  to  the  motor, 
and  I  think  heavy  wire  would  be  the  remedy  for  that.  Certainly 
what  the  consumer  wants  to  pay  for  is  the  service  of  the  motor, 
not  the  maintenance  of  the  system. 

I  was  asked,  I  think,  what  could  be  considered  an  admissible 
percentage  of  error  for  a  meter  on  an  average  load.  That  is  a  very 
nice  question,  because  no  error  is  really  permissible ;  but  I  think 
it  has  been  generally  accepted  by  almost  everyone,  that  an  aver- 
age error  not  to  exceed  three  per  cent,  is  not  to  be  grumbled  at, 
in  the  present  state  of  the  art,  and  there  is  more  than  one  meter 
existing  to-day  which  will  do  better  than  that  on  average  loads^ 
and  even  on  light  loads. 

Referring  to  such  meters  as  mark  a  curved  line  of  fluctuations 
in  current  or  pressure,  or  anything  else  on  paper,  the  device  of  a 
sparking  coil  connected  to  the  inmcator  point  and  puncturing  or 
marking  the  paper  was  mentioned.     I  might  say  that  I  did  not 
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mention  that  in  my  paper  because  I  did  not  think  it  really  impor- 
tant enough.  I  have  seen  sudh  instruments  and  have  experi- 
mented with  them.  The  only  objection  seems  to  be  that  the 
spark  is  erratic.  It  does  not  ^o  straight  through  the  paper.  I 
have  seen  it  vary  from  one-sixteenth,  to  one-eighth  of  an  inch 
from  the  right  direction,  and  it  will  not  always  puncture  the  paper 
directly  under  the  pointer.  That  is  the  only  objection  I  know  of 
to  that.  Of  course,  in  using  such  a  device  it  is  best  to  use  a 
paper  which  has  been  so  treated  that  it  will  be  discolored  by  the 
spark. 

The  Board  of  Trade  question  perhaps  needs  a  little  further 
consideration.  The  Board  of  Trade  was  evidently  satisfied  with 
instruments  which  certainly  showed  considerable  error,  but  if  my 
memory  serves  me,  the  Board  of  Trade  insisted  more  on  certain 
details  of  mechanical  construction.  Of  course  they  insisted  on 
certain  accuracy,  but  thev  were  more  inclined  to  dictate  a£  to  the 
character  of  the  mechanical  construction,  the  facilities  for  install- 
ing and  similar  details,  than  they  were  as  to  what  was  really  the 
essential  thing,  what  the  meter  should  record,  what  it  should  do. 
It  was  a  great  surprise,  I  think,  to  more  than  one  meter  man  in 
this  country  that  they  should  do  so.  Methods  of  sealing  were 
given  great  importance. 

A  meter  was  mentioned  just  now  as  having  been  shown  at  the 
Paris  exposition,  which  emoodied,  it  was  said,  the  qualities  which 
I  mentioned  as  probably  the  best  to  apply  in  an  ideal  meter.  I 
notice  in  the  description  of  this  meter,  wnich,  by  the  way,  I  think 
I  know,  that  electro-magnets  were  used  for  the  damping  mecha- 
nism. Whilst  it  is  undoubtedly  very  good  practice  to  use  them, 
they  are  probably  not  the  best  thing  to  use.  In  the  first  place, 
electro-magnets,  unless  they  are  separately  excited,  are  scarcely  fit 
for  alternating  work,  and,  again,  they  expend  energy  in  the  me- 
ter, and,  again,  they  are  apt  to  vary  somewhat  in  saturation,  with 
fluctuations  of  potential  in  the  line.  A  properly  constructed  per- 
manent magnet  is,  I  believe,  preferable  for  this  work.  I  think  I 
have  repli^  more  or  less  definitely  to  everything  that  was  sug- 
gested in  the  discussion.  I  thank  the  members  for  their  kind 
attention. 

The  Chairman  : — The  Chair  has  been  much  interested  to  note 
that  the  habits  which  any  form  of  apparatus  acquires  as  a  genus, 
when  there  is  but  one  species,  is  usually  perpetuated  when  the 
species  is  increased,  and  irom  casual  remarks  whick  Mr.  Haskins 
and  the  other  speakers  have  dropped,  it  is  evident  that  the  bad 
habits  ascribed  oy  consumers  to  the  gas-meter  are  perpetuated  in 
the  electric-meter.  It  is  perhaps  satisfactory  to  those  who  are  not 
consumers  to  know  that. 

I  would  wish  also  to  call  attention  to  one  feature  of  the  paper 
which  has  not  been  commented  on  by  any  gentleman,  and  that  is 
the  remarkable  performance  of  the  Aron  meter,  as  noted  on  page 
40.     If  any  one  of  us  possessed  a  meter  which  produced  for  its 
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owner  five  thonsand  francs,  and  half  a  gold  medal,  I  think  yon 
would  all  agree  with  me,  that  that  person  had  become  possessed 
of  the  goose  which  laid  the  golden  egg.  Meters  do  not  ordinarily 
do  that  for  their  inventors. 

I  am  sure  that  the  Institute  will  join  with  me  very  heartily 
when  I  propose  a  cordial  vote  of  thanks  to  Mr.  Haskins  for  his 
paper,  and  I  will  ask  all  who  agree  in  that  motion  to  say  "  Aye." 

[The  vote  was  carried,  and  tne  meeting  adjourned.] 

[Communicated,  after  Adjournment,  by  Mr.  Tisohendoerfer.] 

Mr.  Haskins  is  right  in  saying  that  the  damping  effect  of  a 
shunted  electro-magnet  depends  on  the  line  potential.  This  vari- 
ation of  the  damping  effect  can  be  made  very  small,  if  the  electro- 
magnet is  practically  saturated  for  the  lowest  working  potential, 
so  that  the  increase  of  m.  m.  f.  of  the  electro-magnet,  due  to  the 
increased  potential,  increases  the  magnetism,  and  consequently 
the  damping  effect,  to  a  very  small  extent  only.  Tliis  increase  of 
the  damping  effect,  however,  is  counteracted  by  the  increase  of 
motor  torque,  due  to  increased  strength  of  the  shunt  field. 
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New  York,  February  21st,  1893. 

The  seventy-fourth  meeting  of  the  Institute  was  held  this  d«te 
at  12  West  Slst  Street,  and  was  called  to  order  at  8.30  P.  M.  by 
Vice-President  Lock  wood. 

The  Secretary  announced  that  at  the  meeting  in  the  afternoon 
the  Council  had  officially  adopted  the  design  for  a  badge  submitted 
by  the  Committee  which  had  been  appomted  for  preparing  de- 
signs for  both  badge  and  certificate.  Arrangements  had  been 
made  for  the  manufacture  of  the  badges  from  14  carat  gold,  and 
they  could  be  furnished  to  the  membership  at  $3.00  each,  pro- 
vided a  sufficient  Quantity  are  ordered.  Members  desiring  to 
purchase  should  oraer  them  at  their  earliest  convenience. 

The  following  Associate  Members  were  elected : 
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Post-Graduate  Student  of  Electrical 
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242  W.  48th  St..  New  York  City. 

Electrical  Engineer,  General  Elec- 
tric Co.,  620  Atlantic  Ave., 
Boston,  Mass. 

Electrical  Engineer,  Eickemeyer 
and  Osterheld,  134  E.  58th  St., 
New  York  City.  F.  W.  Tischendoerfer. 

Superintendent,    Novelty    Electric        \Vm.  D.  Marks. 
Co.,  54  North  4th  St.,  Philadel- 
phia, Pa. 

Tutor  in  Mathematics,  College  of 
the  City  of  New  York,  344  W. 
29th  St.,  New  York  City. 

Electrician,  Baltimore  Electric  Re- 
fining Co.,  Canton,  Baltimore, 
Md. 
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T.  C.  Martin. 
Geo.  M.  Phelpc. 
Ralph  W.  Pops. 
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James  Hamblet. 
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F.  B.  Crocker. 

W.  H.  Freed  man. 
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Louis  Bell. 

C.  P.  Steinmetz. 
Jos.  Wetzler. 
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F.  B.  Crocker. 
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Sands,  H.  S. 


Waterman,  F.  N. 


White,  Anthony  C. 


Totol  II. 
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Edw.  L.  Nichols. 
Frederick  Bedell. 


Constructing  and  Consulting  Elec- 
trical Engineer,  Fairmont,  W. 
Va. 

Electrical  Engineer,  Westinghouse  Ludwig  Gutmann. 
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Street,  Boston,  Mass. 


Alex.  Jay  Worts. 
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The  following  Associate  Members  were  transferred  to  Full 
Membership,  their  applications  having  been  approved  by  the 
Board  of  Examiners. 

Sperry,  Elmer  A.  Electrical  Engineer,   Sperry   Electric  Mining  Machine 

Co.,  Chicago,  111* 

BossoN,  Frederick  N.     Electrician,  Calumet  and  Hecla  Mining  Co.,  Calumet, 

Michigan. 
Electrician,    Thomson   Electric    Welding  Co.,    Lynn, 
Mass. 

Chief  Engineer,  West   End   Street   Railway  Co.,  and 
Brooklyn  City  R.  R.  Co.,  439  Albany  St.,  Boston. 

Electrical   Engineer,   Western   Union   Telegraph  Co., 
New  York  City. 


Lemp,  Hermann,  Jr. 
Pearson,  F.  S. 
Brown,  Alfred  S. 
Totol,  5. 


[The  following  paper  on  "  The  Most  Economical  Age  of  In- 
candescent Lamps'^  was  then  read  by  Mr.  Carl  Hering.] 


A  /«s^r  frw^nied  ai  ike  uvtnty^/aurih  mttiing  0/ 
tkt  Am^ricmm  InsiituU  o/Eitctrical  EMginttrs^ 
Nnm  Y»rAt  February  2fti,  tSgiS,  Vice-President 
Leckmeed  im  the  Chair, 


THE  MOST  ECONOMICAL  AGE  OF  INCANDESCENT 

LAMPS. 


BY   CARL   BERING. 


It  is  generally  supposed  tliat  it  is  an  advantage  for  incandescent 
lamps  to  have  a  long  life;  the  object  of  this  paper  is  to  show  that 
this  is  a  delusion,  and  that  it  is  not  substantiated  by  facts,  but  that 
on  the  contrary  under  normal  conditions  a  very  much  shorter  life 
represents  an  actual  gain  in  dollars  and  cents;  or  in  more  homely 
language,  if  the  lamps  do  not  die  a  natural  death,  it  is  more 
economical  to  break  them  at  a  comparatively  early  date  than  it 
is  to  keep  them  in  use.  The  results  obtained  in  the  present 
deductions  are  so  different  from  what  is  generally  believed,  that 
they  will  doubtless  be  discredited  by  many. 

At  the  June  meeting  of  this  Institute  last  year  a  very  able  and 
valuable  paper,  ^  was  presented  by  Prof.  Thomas  and  Messrs. 
Martin  and  Hassler  on  ''  A  Life  and  Efficiency  Test  of  Incan- 
descent Lamps."  This  paper  gives  a  very  complete  life-history 
in  the  form  of  data  and  curves,  of  representatives  of  almost  all 
the  incandescent  lamps  made  in  this  country.  With  this  very 
complete  and  reliable  data  as  a  basis  I  have  endeavored  in  the 
present  paper  to  deduce  some  figures  to  show  what  the  best  life 
of  a  lamp  is,  everything  considered.  It  is  well  known  that 
lamps  deteriorate  and  blacken  with  age,  becoming  less  efficient, 
and  it  is  therefore  an  important  question  to  know  at  what  age 
they  should  be  replaced  by  new  ones ;  it  is  this  point  which  the 
present  paper  is  intended  to  answer. 

The  method  by  which  the  best  age  is  to  be  deduced,  is  the  new 
and  very  rational  one  suggested  by  Mr.  O'Keenan  and  described 

1.    THANaA.CTiOKB,  vol.  ix.  1892,  p.  271. 
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in  L^ Industrie  Electriqite^  Nov.  25,  1892,  page  510,  also  in 
The  Electrical  World,  Dec.  2+,  1892,  page  404.  As  it  is  fully 
described  in  these  articles  I  will  merely  state  it  briefly  here. 
Calculate  for  each  hour  in  the  life  of  a  lamp  the  total  quantity 
of  light  given  oflf  by  it  in  candle  power  hours  from  the  time 
the  new  la/mp  was  first  started;  similarly,  calculating  for  each 
hour  in  the  life  of  a  lamp  the  total  cost  of  this  light,  that  is,  the 
original  cost  of  the  lamp  added  to  the  cost  of  all  the  energy  con- 
sumed by  it  from  the  time  the  7iew  Uimp  wa^i  first  started,  up  to 
that  particular  hour.  Now,  it  is  evident  that  if  for  each  hour  in 
the  life  of  a  lamp  we  divide  this  total  cost  up  to  that  hour  by  the 
total  quantity  of  light  up  to  that  hour,  we  will  obtain  the  average 
cost  of  a  candle  power  hour  of  light  from  the  beginning  up  to 
this  hour.  From  this  final  data  it  can  readily  be  shown  at  what 
age  this  total  average  cost  is  the  leant.  If  based  on  actual 
measurements  of  the  lamp  made  throughout  its  life,  it  is  evident 
that  this  method  will  give  the  most  rational  and  only  strictly 
correct  way  of  determining  the  real  cost  of  the  light  actually 
produced,  the  only  factor  which  it  does  not  include  is  the  interest 
on  the  cost  of  the  lamp  and  power  which  evidently  are  negligibly 
small.  It  includes  the  eflFect  of  the  blackening  of  the  bulb  and  of  the 
lowering  of  the  efficiency.  It  should  be  distinctly  understood  how- 
ever that  this  method  is  based  on  the  actual  amount  of  light  ])ro- 
duced,  and  on  the  actual  cost  of  the  power ;  whenever  therefore 
either  or  both  of  these  factors  are  not  of  importance,  the  results 
deduced  here  are  also  of  less  importance.  I  desire  to  emphasize  this 
as  it  will  doubtless  be  claimed  by  many,  and  with  right,  that  the 
diminution  of  the  light  is  of  less  importance  to  some  consumers 
than  the  cost  of  a  new  lamp  would  be. 

Having  given  the  candle  ])ower  and  the  power  consumption  of 
a  lamp  throughout  its  life,  any  one  can  by  this  method  deduce  the 
tinal  results  as  described.  In  the  present  case,  however,  the  work, 
which  is  somewhat  tedious,  is  greatly  simplified  by  taking  the 
data  from  Table  V.  in  Prof.  Thomas's  paper  giving  the  watts  per 
mean  candle  power.  This  data  is  given  here  in  Table  I.  for  the 
seven  most  important  of  the  thirteen  makes  of  lamps;  the  last 
column  giving  the  average,  is  the  average  of  all  of  the  thirteen 
lamps  of  that  paper  and  not  of  the  seven  which  we  have  here 
taken  as  the  most  important.  By  using  the  watts  per  one  candle 
power  it  is  evident  that  the  candle  power  curve  in  the  present 
calculations  becomes  a  straight  line,  thus  reducing  the  work  by 
more  than  one  half. 
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To  illustrate  the  metliod  let  us  deduce  tlie  regults  given  for  the 
average  lamp  in  tlie  last  column.  Instead  of  calculating  the  re- 
sults for  every  hour,  which^is  a  very  tedious  process,  it  is  suffi- 
ciently accurate  to  do  so  for  every  hundred  hours.  From  the  last 
column  of  Table  I,  calculate  for  each  hundred  liours  the  total  kilo- 
watt-honrs  consumed  per  candleuptothatage,  the  result  gives  the 
curve  a.  Fig.  \.  Multiply  these  values  by  the  cost  of  a  kilowatt- 
hour  of  energy;  fifteen  cents  istlie  price  assumed  here;  this  gives 
curve  h.     Add  to  these  values  the  original  cost  of  the  lamp^>' 
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candle^  that  is,  the  total  cost  of  the  lamp  divided  by  the  candle- 
power  at  the  start ;  this  gives  curve  c  which  is  evidently  parallel  to 
curve  h.  Draw  curve  d  representing  the  total  candle-power- 
hours  from  the  start ;  in  this  case  this  line  will  evidently  be 
straight ;  it  would  be  curved  if  the  watts  consumed  by  the  whole 
lamp  and  if  the  whole  candle-power  had  been  used  instead  of  the 
watts  per  one  candle.  Curves  c  and  d  are  those  sought  for.  These 
curves  are  evidently  the  integrals  of  those  represented  by  the 
numbers  in  the  table.  The  process  of  integrating  is  effected  most 
readily  by  purely  arithmetical  means  as  described  above,  that  is 
by  simply  calculating  the  totals  for  each  hundred  hours  and  it 
can,  therefore,  be  performed  by  any  one  without  a  knowledge  of 
algebraic  integration.  These  curves,  however,  need  not  be 
plotted,  they  are  given  here  only  to  illustrate  the  method.  Now 
divide  each  ordinate  of  the  cost  curve  c  by  the  corresponding 
ordinate  of  the  light  curve  rf,  and  the  result  is  the  curve  e  which 
is  the  final  curve  sought  for. 

This  curve  e  gives  for  each  age  the  cost  of  a  candle-power- 
hour  of  light,  that  is,  the  average  cost  for  the  whole  time  from 
the  time  the  l<imp  was  first  started  up  to  that  partimc^ar  hour. 
This  is  the  curve  which  gives  us  the  final  results.  The  inter- 
esting feature  about  it  is  that  it  has  a  minimum  point  at  about  400 
hours,  which  means  that  at  the  end  of  400  hours  you  are  paying 
the  least  for  a  candle-power-hour  of  light,  that  is  to  say,  your 
light  is  then  the  cheapest  during  the  whole  life  of  the  lamp,  all 
things  considered.  If  you  continue  to  use  those  lamps  longer 
than  400  hours  the  average  price  for  the  light  will  again  increase 
and  will  continue  to  do  so.  Strange  as  it  may  seem,  therefore,  it 
is  more  economical  to  break  the  lamp  at  that  age  rather  than  to 
continue  running  it,  even  though  this  means  buying  a  new  lamp. 
This  result  will  naturally  be  discredited  by  many,  but  it  is  never- 
theless true,  always  remembering  that  we  are  concerned  with  the 
cost  of  a  candle-power-hour  of  light  under  normal  conditions  and 
over  an  indefinite  period.  If  the  amount  of  light  is  of  no  great 
importance,  but  the  ])rice  of  the  lamp  is,  then  run  them  until 
they  die  a  natural  death;  the  same  if  the  power  cost  nothing. 
If  your  lamp  costs  nothing,  but  your  power  does,  then  replace 
them  as  often  as  possible.  The  effect  of  different  relative  costs  of 
lamps  and  power  will  be  discussed  later.  The  data  assumed  in 
this  curve  is  that  the  average  lamp  costs  45c.  and  the  power  costs 
15c.  per  kilowatt-hour;  the  latter  figure  was  obtained  from  a 


18M]  HERING  ON  INCANDESCENT  LAMPS.  69 

well  known  central  station  manager  as  a  fair  average  for  110 
volt  continuous  current  circuits  from  central  stations  or  for  private 
installations  of  about  500  lamps ;  for  installations  of  less  than  500 
lamps  the  cost  will  be  greater,  and  for  more  it  will  be  less. 

As  this  curve  must  always  have  a  minimum  point  for  lamps 
which  deteriorate,  there  is  no  question  that  there  is  such  a  mini- 
mum value  in  the  cost  of  the  light.  Mr.  O'Keenan  calls  this 
point  by  the  appropriate  name  "  smashing  point."  To  show  the 
results  of  an  ideal  lamp,  curve  f  has  been  drawn.  This  ideal 
16  o.  p.  lamp  costing  48  cents  and  consuming  4  watts  per  candle, 
is  supposed  not  to  blacken  or  to  change  in  any  way.  It  is  evident 
that  in  this  case  there  will  be  no  minimum  point  and  the  longer 
such  a  lamp  is  run,  the  cheaper  the  light  is,  although  after  a  few 
hundred  hours  the  cost  diminislies  very  slowly,  being  practically 
the  cost  of  the  power  only. 

To  show  what  the  curve  e  really  means  in  dollars  and  cents  let 
ns  calculate  an  actual  case.  If  run  1200  hours  the  average  cost 
per  candle-power-hour  is  .0903  cents  or  a  total  of  108.4  cents  per 
candle,  for  1200  hours.  A  16  c.  p.  lamp  therefore  represents  a 
total  cost  of  $17,344  for  power  and  lamp,  assuming  for  the  sake 
of  simplicity  that  it  continues  to  give  16  candle  power.  If 
stopped  at  400  hours  the  cost  of  the  light  is  only  .0792  cents  per 
candle  hour  or  a  total  of  31.7  cents  per  candle  for  400  hours ;  if 
renewed  three  times  in  the  1200  hours  the  cost  will  be  95.1  cents 
or  $15.22  for  16  c.  p.  This  shows  that  replacing  the  lamp  after 
every  400  hours  represents  an  actual  saving  of  13.3  cents  per 
candle  during  a  period  of  1200  hours  or  a  total  of  $2.12  saved 
per  16  0.  p.  lamp  every  1200  hours.  This  amount  of  money 
represents  the  cost  of  almost  five  lamps  at  45c.  which  might  be 
interpreted  so  as  to  show  some  very  curious  results,  namely,  if 
you  bought  eight  lamps  originally,  used  only  three  of  them  for 
400  hours  each  and  threw  the  other  five  away,  it  will  in  the  long 
run,  cost  you  the  same  as  to  buy  one  lamp  and  run  it  for  1200 
hours,  assuming  that  you  are  paying  for  light  actually  received. 
As  the  cost  of  the  light  at  400  hours  is  over  12  per  cent,  less 
than  that  at  1200  hours,  it  is  an  actual  saving  of  12  per  cent,  in 
dollars  and  cents  if  the  lamps  are  replaced  every  400  hours. 

Another  curious  result  which  it  will  be  hard  for  many  to 
believe,  is  shown  by  the  fact  that  the  curve  e  cuts  the  .09  line  at 
1200  hours  and  also  at  about  130  hours,  which  shows  that  the 
light  costs  just  as  much  whether  the  lamp  is  broken  at  130  hours 
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or  run  for  1200  hoars.  The  curves  being  flat  near  their  mininiiini 
points,  shows  that  it  makes  practically  no  difference  (always 
remembering  that  we  are  considering  the  cost  of  a  candle-power- 
hour  of  light)  whether  the  lamps  are  replaced  every  300,  400  or 
SOO  hours.  It  might  at  first  be  thought  that  at  300  hour  renewals 
the  lamps  will  make  the  cost  greater  than  at  500;  but  this  is  not 
the  case  aa  the  curve  includes  tlie  cost  of  these  new  lamps.  The 
ejcplanation  of  this  is  that  we  are  considering  a  constant  amount 
of  light  and  if  run  to  500  hours,  more  lamps  must  be  used  to 
give  the  same  amount  of  light  owing  to  their  reduced  candle 
power.  Of  course  in  practice  they  will  be  renewed  at  500  instead 
of  3u0  hours  because  the  difference  in  the  light  would  be  noticed 
less  than  the  price  paid  for  the  more  f refluent  renewals. 
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Fra.  2. 
Another  interesting  and  somewhat  surprising  result  which  may 
he  deduced  from  the  curves,  is  that  an  ideal  lamp  of  16  o.  p.  which 
remains  constant,  may  cost  originally  as  much  as  $5.75  and  will 
then  give  precisely  as  cheap  light  during  1200  hours  as  the  ejtist- 
ing  lamps,  and  even  then  it  will  be  cheaper  during  the  next  1200 
honrs  than  the  others.  An  ideal  lamp  equal  to  the  others  at  400 
hours  instead  of  1200  can  cost  as  much  as  75  cents  and  will  even 
then  be  considerably  more  economical  after  those  400  hours. 
This  theoretical  deduction  only  goes  to  show  how  very  great  the 
value  in  dollars  and  cents  is  of  a  lamp  which  remains  constant. 
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To  show  the  effect  of  the  price  of  the  lamp  and  the  price  of 
the  power,  the  curves  in  Figure  2  have  been  drawn.  Curve  e  is, 
as  before,  that  for  the  average  lamp  costing  45  cents  while  the 
power  costs  15  cents  per  kilowatt-hour.  In  curves  j' and- A  the 
cost  of  the  lamp  was  taken  at  55  and  35  cents  respectively.  They 
show  that  the  minimum  point  is  reached  only  about  50  hours 
later  when  the  lamp  is  10  cents  dearer,  and  only  about  50  hours 
earlier  when  it  is  10  cents  cheaper.  The  minimum  cost  is  about 
2i  per  cent,  more  in  the  first  case,  and  2^  per  cent  less  in  the 
second.  The  cost  of  the  lamp  therefore  makes  comparatively 
little  difference  in  the  best  age  of  the  lamp;  it  affects  the  cost 
considerably  more  at  400  hours  than  at  1200  hours  where  it  is 
practically  insignificant. 

If  for  the  same  price  of  the  lamp,  namely  45  cents,  the  cost 
of  the  power  is  taken  at  20  and  10  cents,  the  resulting  curves  will 
be  /  and  k  respectively.  This  shows  that  the  minimum  point 
is  about  100  hours  earlier  in  the  first  case,  and  100  hours  later  in 
the  second.  This  point  is  furthermore  more  decided  when  the 
power  is  more  expensive,  (see  curve  i)  showing  that  for  expensive 
power  it  is  very  much  more  important  to  replace  lamps  eariier, 
while  for  cheaper  power  it  will  make  less  difference.  For  cheap 
power  with  cheap  lamps  the  position  of  the  minimum  point  with 
respect  to  time,  will  be  altered  very  little  from  that  of  the  mean 
curve  e;  this  is  also  true  for  expensive  lamps  with  expensive 
power.  The  five  curves  show  the  following:  That  even  for 
considerable  ranges  the  best  age  remains  at  between  3<  0  and  500 
hours;  that  the  effect  of  the  cost  of  power  is  much  more  impor- 
tant than  that  of  the  price  of  the  lamps;  that  the  latter  is  not  of 
so  much  importance  as  is  generally  believed.  All  the  curves 
show  that  while  there  is  a  minimum  point  it  is  not  very  definitely 
located  as  to  time,  that  is,  it  makes  but  very  little  difference  if 
the  lamps  are  replaced  at  300,  400  or  500  hours,  but  after  that 
the  difference  becomes  apparent. 

So  far  we  have  been  considering  the  average  of  all  the  lamps 
in  Professor  Thomas's  paper,  in  order  to  show  the  relative 
differences  as  well  as  the  absolute  values  for  the  different  lamps, 
the  curves  in  Fig.  3  have  been  drawn  for  seven  of  the  most 
important  of  the  thirteen  lamps;  they  refer,  though  not  in  order, 
to  the  Thomson-Houston,  Packard,  Edison,  Beacon,  Perkins  and 
Pennsylvania  lamps.  The  letters  of  reference  are  the  same  as 
those  in  Professor  Thomas's  paper.     He  selected  these  seven  as 
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the  most  important,  and  gave  me  the  price  of  each  lamp*  These 
prices  were  divided  in  each  case  by  the  initial  candle-power  of 
each  make,  as  given  in  that  paper,  to  obtain  the  cost  prices  per 
candle.  These  candle  powers  were  as  follows :  A  =  16.0,  B  = 
13.1,  F  =  14.2,  G  =  17.1,  K  =  17.0,  L  =  13.2,  M  =  12.5. 

A  comparison  of  these  curves  with  those  in  Professor  Thomas's 
paper  will  show  the  effects  of  certain  features.  Such  a  com- 
parison would  be  far  more  interesting  and  instructive  were  we 
allowed  to  know  the  names  of  each  one  of  the  lamps.^  We  can 
merely  say  here  that  B  and  O  are  evidently  poor  lamps,  while 
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Fig.  8.  ^ 

2£^  jFand  A  are  the  best,  notwithstanding  that  one  of  the  JfV 
died  very  early,  which  is  equivalent  to  increasing  the  price  of 
tlie  other  nine  lamps.  K  would  have  been  among  the  best  had 
not  one  lamp  broken  at  the  critical  point.  The  best  age  of  all  but 
M  are  between  300  and  400  hours. 

The  scale  of  ordinates  in  Fig.  3  is  much  larger  than  that  in 
Fig.  2  and  the  minimum  point  is  therefore  much  more  marked. 
The  offsets  in  curves  ^and  L  are  due  to  breakages  among  the  10 

1.  Just  before  going  to  press  I  have  received  permission  from  the  makers 
to  state  that  the  lamp  marked  M  is  the  "Pennsylvania"  lamp. 
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lamps  of  which  these  results  are  the  mean.  CnrTe  M  is  dotted 
merely  to  distingaish  it  from  those  which  it  crosses  at  a  number 
of  places. 

In  addition  to  fchese  carves  attention  is  called  to  those  shown  in 
VIndu8trie  Electrique^  Nov.  25,  1892,  page  510,  or  in  The 
Electrical  World,  Dec.  2:1,  1892,  p.  404,  deduced  by  Mr. 
O'Eeenan  for  foreign  lamps,  in  which  the  best  age  is  less  uniform 
and  somewhat  earlier. 

Whatever  other  deductions  may  be  made  from  this  investiga- 
tion, the  most  important  is  that  lamps  might  to  advantage  be 
forced  much  higher  than  is  customary,  at  the  expense  of  their 
life.  This,  though  it  requires  more  frequent  renewals,  will  be  a 
gain  to  the.  consumer  as  well  as  to  the  central  stations;  the 
former  will  get  better  and  cheaper  light,  while  the  latter  will  be  able 
to  increase  their  output  in  lights  or  run  the  same  number  of  lights 
at  less  loss  in  the  nutins,  or  what  is  equivalent,  run  the  same 
number  of  lamps  on  considerably  smaller  mains.  How  far  the 
lamps  may  be  forced  before  the  other  extreme  is  reached,  is  a  ques- 
tion to  be  determined  when  we  have  the  data  for  such  new  lamps. 

In  conclusion  I  desire  to  state  that  while  some  of  the  results 
obtained  from  the  present  investigation  are  somewhat  striking, 
it  must  not  be  forgotten  that  we  have  been  considering  the  cost 
of  a  candle-power  of  light ;  as  it  is  far  more  diflScult  to  notice 
slight  differences  in  the  light  than  it  is  to  notice  the  bills  for  lamp 
renewals,  it  would  not  be  wise  to  adhere  too  strictly  to  what 
theory  tells  us.  In  practice,  therefore,  lamps  need  not  be  renewed 
as  early  as  these  deductions  point  out;  at  the  same  time  however, 
the  results  clearly  show  that  it  is  absurd  to  keep  lamps  running 
too  long,  and  that  the  life  of  our  present  lamps  is  more  than 
sufficiently  good.  Perhaps  the  best  practical  rule  for  renewing 
lamps  is  to  run  them  until  the  diminution  in  candle  power  be- 
comes noticeable,  after  that  point  is  reached,  we  may  rest  assured 
that  it  is  economical  to  throw  them  away.  It  might  be  argued 
that  the  original  data  is  of  too  crude  a  form  to  admit  of  making 
deductions  involving  small  differences.  The  differences  however 
are  not  slight  but  very  apparent,  and,  I  presume,  much  greater 
than  any  possible  inaccuracies  in  the  original  measurements. 
Furthermore,  they  show  the  existence  of  a  uniform  law.  This 
paper  should  be  considered  more  as  an  investigation  of  the  sub- 
ject and  not  as  one  claiming  to  show  that  present  practice  is 
radically  wrong.     I  merely  wished  to  prove  conclusively  the  well 
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known  fact,  that  it  is  absurd  to  mn  lamps  too  long.  By  far  the 
most  important  conclusion  is,  that  it  would  be  far  better  to  force 
lamps  at  the  expense  of  their  life  than  to  run  them  at  the  present 
efficiency. 

Communications. 

Prof.  Benjamin  F.  Thomas: — I  am  indebted  to  Mr.  Hering 
for  a  copy  of  his  very  interesting  and  valuable  paper,  and  for  the 
opportunity  to  contribute  a  little  to  its  discussion.  All  who  are 
interested  in  any  way  in  incandescent  lighting,  must,  with  me, 
feel  under  obligation  to  Mr.  Hering  for  the  apoli^ation  of  the 
O'Keenan  analysis  to  the  data  of  the  Ohio  test,  and  for  his  skil- 
ful interpretation  of  the  results.  The  original  paper  and  its  dis- 
cussion at  Chicago  established  the  fact  that  lamps  last  altogether 
too  long  for  economical  results,  and  also  the  fact  that  the  lamp  of 
highest  initial  efficiency  is  not  always  the  most  economical.  Mr. 
Hering's  paper  now  turns  the  conclusions  there  expressed  in 
general  terms,  into  a  complete  demonstration,  and  adds  other 
facts  which  will  doubtless  prove  quite  suprising  to  many  who 
have  made  lamp  questions  a  study.  If  the  results  are  properly 
understood  and  applied,  they  must  prove  to  be  of  great  value  to 
the  lamp  manufacturer,  the  station  manager  and  his  customers, 
and  all  who  have  anything  to  do  with  incandescent  lamps. 

To  the  owners  of  isolited  plants,  Mr.  Hering  has  demon- 
strated the  importance  of  renewing  lamps  when  they  reach  the 
point  of  minimum  cost.  It  hardly  seems  right,  however,  to  ad- 
vise running  lamps  until  they  "  die  a  natural  death  "  when  the 
amount  of  light  anorded  is  not  important.  Economy  considered, 
it  is  better  to  use,  in  such  place,  lamps  of  the  lowest  allowable 
candle  power,  and  to  renew  them  as  elsewhere. 

Central  station  managers,  who  furnish  lamps  to  their  patrons, 
without  specific  charge  for  lamp  renewals,  and  who  charge  by 
meter  record,  will  of  course  find  it  pays  best  to  run  the  lamps 
just  as  long  as  they  can,  without  causing  enough  dissatisfaction  to 
seriously  aflFect  the  number  of  customers  they  have.  A  rough 
calculation  shows  that  even  this  case  may  profit  by  the  deductions 
of  Mr.  Hering.  The  manager  who  runs  a  lamp  1200  hours,  in- 
stead of  renewing  at  400  hours,  loses  12  cents  oi  profit  which  he 
would  have  made  on  the  larger  current  which  would  have  passed 
through  the  lamp  and  meter,  if  he  had  renewed  at  the  proper  time. 
The  strength  of  tne  current  which  flo  ws  through  the  lamp  diminishes 
as  the  lamp  gjrows  old,  and  therefore  the  watt  hours  which  will  be 
recorded,  will  be  less  during  the  last  half  of  the  natural  life  of  the 
lamp  than  during  the  first  half.  This  is  of  course  equivalent  to 
decreasing  the  station  out-put,  when  lamps  are  burned  as  long  as 
they  will  last.  If  we  ever  have  lamps  produced  and  sold  at  about 
15  cents  it  will  then  bo  best  for  station  managers  of  the  class 
supposed,  to  renew  at  the  400  or  500  hour  point. 
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It  is  interesting  to  note  that  the  man  who  is  a  customer  of  such 
a  central  station,  will  find  it  profitable  to  buy  his  own  lamps,  even 
though  no  deduction  be  made  in  the  price  charged  by  the  station. 
The  nigher  average  candle  power  of  the  lamps  when  renewed 
each  400  hours,  will  enable  him  to  light  his  premises  equally  well 
with  a  smaller  number  of  lamps,  and  the  saving  in  his  meter  bill 
will  more  than  pay  for  all  the  lamps  used,  and  he  will  have  a  more 
uniform  and  more  satisfactory  light.  It  seems  not  improbable 
that  the  central  station  of  the  future  will  limit  itself  to  supplving 
current  through  its  mains,  the  one  who  buys  current  furnishing 
his  own  lamps,  fixtures,  wiring,  etc.,  and  the  fact  last  considered 
ought  to  be  helpful  in  bringing  about  that  state  of  things. 

Sir.  Hering's  Fig.  3,  furnishes  a  very  striking  view  of  the  rel- 
ative values  of  several  lamps  as  money  savers.  At  400  hours, 
lamps  A,  K,  F  and  m,  are  very  close  together,  the  extreme  diffe- 
rence in  cost  of  1000  candle  hours  being  only  1  cent.  Where  the 
difference  in  cost  of  light  is  so  small,  it  matters  little  which  lamp 
be  chosen,  unless  the  user  of  the  light  is  particular  about  uniform- 
ity of  candle  power  during  the  400  hours.  Referring  to  Table 
I V .  of  the  paper  read  at  Chicago,^  the  percentage  oi  original 
candle  power  was,  at  400  hours,  for  a,  74^ ;  for  f,  Ti%\  for  k, 
1h% ;  and  for  m,  90^.  The  m  lamp  is  therefore  best,  when  uni- 
formity of  candle  power  is  deemed  important.  It  must  be  borne 
in  mind,  however,  that  the  number  of  lamps  of  each  make  tested, 
was  too  small  to  base  a  sound  judgment  of  relative  merit  on, 
and  the  above  comparison  must  be  considered  as  an  illustration 
only. 

Pbof.  Elihu  Thomson  : — I  have  received  the  advance  proofs 
of  Mr.  Hering's  paper  on  incandescent  lamps.  I  have  very  little 
time  at  present  to  add  anything  to  the  discussion  of  the  matter. 
I  think  his  points  are  well  taken,  but  I  also  think  he  is  quite  right 
in  pointing  out  that  they  are  theoretical  rather  than  practical.  I 
think  his  practical  rule  for  the  running  of  lamps,  which,  as  stated 
by  the  paper,  is  to  run  them  until  the  diminution  of  incandescence 
))ecomes  noticeable  and  then  discard  them,  is  a  very  good  one. 
Whether  to  break  them  or  not  is  another  Question.  They  are  of 
course  still  capable  of  being  run  at  a  high  incandescence  for  a 
short  time  if  the  voltage  be  increased.  In  fact,  looking  at  the 
matter  again  from  a  purely  theoretical  standpoint,  it  strikes  me 
that  the  ideal  condition  for  running  is,  to  start  the  lamp  at  the 
potential  for  which  it  is  made,  and  gradually  increase  the  poten- 
tial so  as  to  keep  up  a  fair  or  uniform  light  efficiency  regardless  of 
the  life  of  the  lamp,  letting  the  lamp  go  when  it  will.  Of  course 
this  is  not  practical  in  most  systems,  but  it  can  be  approximated 
by  putting  the  older  lamps  on  parts  of  the  system  which  have 
the  highest  potential  where  there  exist  differences  of  potential. 
It  also  strikes  me  that  the  calculations  will  need  to  be  varied  with 
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every  change  in  the  time  of  running  of  a  lamp;  in  other  words, 
if  out  of  a  set  of  lamps  there  are  some  which  only  run  a  short 
time  for  each  day  while  others  run  a  much  longer  time,  the  time 
for  discarding  a  lamp  will  vary,  theoretically,  in  this  case.  The 
short-time  lamps  demand, , theoretically,  a  higher  light  efficiency 
throughout  their  use. 

It  still  remains,  after  the  discussion,  that  we  should  not  relax 
ourefforts  to  obtain  a  lamp  with  long  life,  and  one  having  an 
economical  efficiency  during  that  life.  Furthermore,  it  is  evident 
that  the  longer  the  life  of  the  lamp,  if  the  economy  of  the  light 
production  is  maintained,  the  loss  in  proportion  becomes  the  cost 
of  renewal  to  the  other  expenses.  Tnere  is  something  to  be  said 
also  on  the  score  of  the  convenience  of  use  of  the  long  life  lamps 
as  against  a  lamp  which  runs  down  rapidly,  which,  in  a  discussion 
like  this  is  liable  to  be  left  out  of  the  question.  Where  lamps  re- 
quire to  be  renewed  very  f reauently  and  are  somewhat  inaccessi- 
ble in  their  placing,  the  long  life  lamps  have  an  advantage  in  the 
saving  of  labor. 

In  my  opinion,  the  development  of  the  manufacture  of  incan- 
descent lamps  will  give  rise  to  the  production  of  lamps  of  short 
and  long  life  to  suit  the  varying  conditions  in  practice  and  the 
relative  cost  of  power,  to  cost  of  lamp  renewals. 

Prof.  E.  P.  Koberts  : — It  was  my  intention  to  attend  the  meet- 
ing of  February  21st;  having,however,  changed  my  plans  and  be- 
ing very  much  rushed,  I  only  have  time  to  drop  you  the  follow- 
ing brief  memoranda  : 

1st.  An  instructive  line  of  investigation,  following  the  method 
of  Mr.  Hering's  valuable  paper,  would  be  to  determine  the 
comparative  value  of  lamps  "  l"  3.8  watts  at  start,  6.5  at  500 
hours  and  *'  m  "  4.8  at  start  and  5. 1  at  500  hours. 

2ud.  Undoubtedly,  blackened  lamps  should  be  either  destroyed 
or  used  where  amount  of  light  is  oi  little  consequence,  or  used 
for  resistance  racks. 

3d.  That  as  long  as  lamps  have  a  90^  probability  of  being 
operated  anywhere  from  %%  below  normal  voltage,  to  from  10^ 
and  upwards  above  that,  the  practical  rule,  "  Smash  blackened 
lamps"  should  be  supplemented  by,''  Pay  the  interest  on  $75.00 
for  a  first-class  portable  voltmeter,  use  same  frequently  and  system- 
atically all  over  circuits  and  give  the  medicine  called  for  by  the 
diagnoids,"  which  might  be  further  supplemented  by,  '*  If,  after 
knowing  the  disease,  you  will  not  pay  for  the  medicine  necessary 
to  make  a  cure,  do  not  complain  if  patients  die  young." 

Discussion. 

Mr.  W.  D.  Weaver  : — The  paper  of  Mr.  Uering  is  one  of 
unusual  value,  not  only  on  account  of  the  matter  contained  but 
also  from  the  important  practical  bearing  of  the  subject. 

The  graphical  method  which  Mr.  Henng  adopts  is  very  inter- 
esting, and  the  curves  enable  one  to  easily  lollow  and  thoroughly 
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nnderstand  the  steps  that  lead  to  results  that  at  first  sight  are 
rather  startling.  In  this  respect  the  graphical  method  is  superior 
to  an  analytical  one,  hut  it  has  the  misfortune  in  this  case  of  oeing 
extremely  laborious  in  application,  and  lacking  in  accuracy  unless 
the  curves  are  laid  down  on  a  large  scale. 

An  insnection  of  Prof.  Thomas's  table  giving  the  variation  of 
watts  witn  the  life  of  a  lamp  shows  that  the  rate  is  quite  uni- 
form in  the  majority  of  the  tests  and  numerically  equal  to  an 
increment  of  .3  watt  per  candle  power  per  hundred  hours.  The 
regularity  in  these  cases  enables  an  analytical  method  of  remark- 
able simplicity  to  be  applied  to  the  solution  of  the  various  prob- 
lems considered  graphically  by  Mr.  Hering,  the  development 
of  which  is  as  follows : 

Let  T=  total  cost  of  one-candle  power  of  light  for  a  given  num- 
ber of  hours. 

*'    y=average  hourly  cost  during  the  same  period. 

*'    a = cost  of  lamps  per  candle  power. 

"    J=cost  of  one  electrical  horse-power  per  hour  delivered  at 
the  lamp. 

"    2/?=initial  watts  per  candle  power. 

"    A:=increa8e  of  watts  per  candle  power  for  each  hour  of  the 
life  of  the  lamp. 

"    a?=hour8  that  the  lamp  is  used. 

Assuming  that  the  increase  in  watts  per  candle  power  is  by 
equal  increments  for  equal  increments  of  the  time  the  lamp  is 
burning,  the  watts  being  used  at  the  time  x  are  w  -\-k  x^  and  the 
total  watts  used  up  to  tne  time  x  are 


/    {lo  -\-  k  x)  d  X  =i  \o  X  -\- 


h  Q? 


2 
The  total  cost,  including  the  lamp  cost,  is  therefore 

T=  a  +  ---—  + 


704      '    2  X  746 
The  average  cost  is 

T         a     i    h  iv    ,       h  k  X 


X  ir        746    '    2  X  746 

which  is  a  minimum  when 

x  =  a/  2  g  X  746 

hk 

If  A  is  the  cost  of  al6-caiKUe  power  lamp  and  A'"  the  increase 
of  watts  per  hour  for  a  16-candle  lamp,  the  formula  becomes 

x  =  \/  1492  A 
hK 
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The  value  of  k  from  Professor  Thomas's  experiments  is  .003 
and  consequently  JSr=.048  ;  substituting,  we  have  finally  for  the 
life,  Z,  or  the  "  smashing  point," 


L  =  176  \/  A 


By  substituting  the  corresponding  values  of  A  and  J,  the  mini- 
mum values  of  the  life  measurea  from  the  final  curves  laid 
down  in  the  graphical  method,  are  at  once  obtained  from  this 
formula,  and  it  is  remarkable  that  such  a  simple  equation  can  re- 
place a  graphical  method  so  unusually  involved.  The  accuracy 
of  the  method  of  course  depends  upon  the  assumption  in  regard 
to  the  arithmetical  increase  of  watts  with  the  lite  of  the  lamp, 
but  an  inspection  of  Table  I.  shows  that  in  most  cases  an  error  in 
this  respect  is  less  likely  to  cause  a  serious  error  in  the  final  result 
than  the  graphical  method,  unless  the  scale  of  the  latter  is  large. 

A  singular  deduction  from  the  formula  is  that  the  "  smashing 
point "  does  not  vary  with  the  watt  efficiency  of  the  lamp.  Con- 
sideration, however,  shows  that  the  factors  of  the  question  of 
efficiency  are  merely  the  relation  between  the  hourly  lamp  cost 
at  a  given  time,  and  the  increment  of  lamp  encrgj^  at  the  same 
time,  and  as  this  is  independent  of  the  watt  emciency  of  the 
lamp,  the  latter  does  not  enter.  "sr-**^  M 

As  the  most  economical  life  varies  directly  as  the  square  root 
of  the  cost  of  the  lam]),  and  inversely  as  the  square  root  of  the 
cost  of  the  power,  considerable  variations  in  these  values  will 
not  introduce  large  ones  in  the  value  of  Z,  as  the  following  table 
shows : 


Valuhis  of 

L. 

h- 

b- 

1 

lo  cents. 

1 
4  cents. 

A  =15 

cents. 

333 

1 
510 

1 

^=45 

t% 

370 

580 

^=55 

ii 

404 

650 

The  formula  inst  deduced  is  based  upon  a  constant  value  of  K. 
Where  this  value  varies  materially,  the  following  arithmetical 
method,  which  will  be  explained  by  an  example,  enables  the 
"smashing  point"  to  be  determined,  and  also  gives  the  ordinates 
of  the  curve  showing  the  variation  of  the  average  cost  of  the 
unit  light,  the  same  that  Mr.  Hering  constructs  graphically. 

In  flie  tables  below,  which  are  based  on   lamps^A  and  m  of 
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Prof.  Thomas's  experiments,  the  hours  the  lamp  has  been  used 
are  in  column  A^  and  the  watts  at  the  end  of  each  100  hours 
in  column  B,  The  increase  for  each  100  hours  is  in  column  Cy 
and  the  total  increase  at  the  end  of  a  given  period  in  cohimn  D, 
The  cost  of  this  increase  at  16  cents  per  1,000  watt  hours  is  given 
in  column  Ey  and  the  average  cost  per  100  houis  in  column  Fy 
while  column  Q  gives  the  corresponding  average  cost  of  the  lamp 
per  c.  p.  per  hundred  hours,  the  cost  of  a  16  c.  p,  lamp  being 
assumed  45  cents.  Column  H  gives  the  gain  per  o.  p.  per  hun- 
dred hours  from  the  continued  use  of  the  lamp,  and  column  /the 
lo8S,thei^e  quantities  being  the  differences  of  the  values  in  columns 
F  and  G'^,  and  corresponato  the  ordinatesof  Mr.  Bering's  curve  e. 

Referring  to  the  lirst  table,  it  will  be  seen  that  at  300  hours 
the  avera^  cost  of  the  increased  watts  required  to  maintain  the 
unit  lengtn,  is  .8  cent  per  hundred  hours,  while  an  average  of 
.94  cent  is  saved  by  continuing  the  use  of  the  lamp ;  at  the  end 
of  400  hours,  however,  these  quantities  are  1.031  and  .7  respect- 
ively, showing  that  the  cost  oi  the  increased  power  has  become 
greater  than  the  saving  from  the  continued  use  of  the  lamp.  The 
exact  time  when  the  average  increased  power  cost  is  equal  to  the 
average  lamp  cost  is  the  "smashing  point,"  and  may  be  deter- 
mined approximately  by  a  proportion  between  the  quantities  for 
300  and  400  hours. 

The  following  formula  enables  the  quantities  in  column  Dy  to 
be  quickly  calculated  : 


D  =  (na-\-  {n—i)h  +  {n—1) c  +  d  +  \ 


(Jt'-\-h  -\-  G  -\-  d  -\- 


where  ;i=  the  hours  in  hundreds,  and  a,  J,  (?,  dy  etc.,  the  values 
for  100,  200,  300,  400,  etc.  hours  from  column  C. 


LAMP  A. 


A 

1 
1 

B 

C 

D 

E 

F 

G 

/^ 

I 

z 

o 

3-9 

0 

0 

0 

0 

0 

>  •  •  • 

•  0  •  • 

2. 

lOO 

4-3 

•4 

.2 

•3 

•3 

2.81 

2.51 

•  •  >  • 

3 

aoo 

4.6 

•3 

•?5 

1. 125 

•5f> 

1.40 

.84 

•  •  ■    • 

c 
3 

300     i 

4-9 

•3 

1.6 

2.40 

0.80 

•94 

•14 

•  •  *  • 

400 

S-a 

•3 

2-75 

4.125 

1.03 

.70 

•  •  •  • 

•33 

•*      1 

500     1 

5  5 

•3 

4-2 

6.30 

1.20 

.56 

•  •  •  • 

.70 

OJ            1 

600   : 

5.3 

•3 

5-95 

8.925 

1.48 

.46 

•       ■  • 

X.02 

4k 

700   I 

6.1 

•3 

8. 

12. 

1.71 

.40 

•  •  *  • 

1.31 

0 

800 

6.4 

•3 

IO-35 

15-52 

1.94 

•35 

'•59 

900       ; 

6.7 

•3 

ij.o 

19.5 

2.18 

•31 

•  •  •  • 

1.87 

c 

• 

1000       > 

6.8 

.X 

15-85 

23-77 

2.37 

.28 

•  •  •  • 

2.09 

IIOO 

7.0 

.3 

18.85 

28.27 

2-57 

.25 

•  •  •  • 

2.33 

1 

I300 

1 

7> 

.1 

22.50 

33-75 

2,82 

•23 

•  •  • 

2.59 

1 

1 
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LAMP  M. 


A 

B 

C 

D 

E 

F 

G 

H 

/ 

i: 

3 

o 

4.8 

0 

0 

0 

0 

•  •  •  • 

•  •  •  • 

•  •  •  • 

lOO 

4-7 

— .1 

—.05 

—  075 

—.075 

3.81 

3.88 

•  •  •  • 

° 

aoo 

^l 

.0 

—  X5 

—.325 

— .1X3 

X.40 

x-47 

•  •  •  • 

300 

4.8 

.05 

.075 

.035 

•94 

.91 

•  •  .   • 

R 

400 

49 

.3 

.3 

•07s 

.70 

.6a 

•  •  • 

1 

i 

• 

500 
600 

5» 
5.5 

.5 
I.I 

.75 
1.65 

.376 

.46 

.x8 

■  •  • 

■  •  •  • 

C 

5.8 
5.9 

a.05 
3« 

3075 
4.65 

■^ 

.40 
•35 

■  •  •  • 
•  •  •  • 

.04 
.«3 

000 
xooo 

6.1 
6.1 

.0 

4.5 
5.9 

6.75 
8.85 

% 

•31 
.38 

•  ■  • 

•  •  •  • 

:S 

Mr.  Hering  : — The  formula  given  by  Mr.  Weaver  is  certainlv 
very  interesting.  I  have  not  had  an  opportunity  to  examine  it 
carefully,  but  if  it  is  correct,  which  I  do  rot  doubt,  it  certainly 
is  a  valuable  formula.  But  it  seems  to  me  that  it  is  applicable 
only  in  a  general  way,  that  is,  it  might  not  show  all  the  charac- 
teristics or  the  different  lamps,  because  it  is  based  on  a  uniform 
rate  of  variation  in  the  efficiencv  of  a  lamp.  It  does  not  seem 
to  be  correct  for  the  two  ends  or  the  curve,  but  that  is  perhaps 
of  little  importance  as  long  as  it  is  correct  in  the  neighborhood 
of  the  minimum  point  and  as  long  as  its  application  is  limited  to 
that  point  only,  and  not  to  any  other  parts  of  the  curve.  It 
seems  to  me  that  bv  using  this  formula  tne  characteristics  of  the 
curves  of  different  lamps,  which  are  caused  to  a  great  extent  by 
their  different  rates  of  increase  of  the  watts  per  candle  power, 
would  be  lost,  or  in  other  words,  curves  constructed  for  different 
lamps  would  probably  be  parallel ;  but  as  the  important  part  is 
the  minimum  point,  tliis  objection  may  not  be  of  much  import- 
ance. I  am  very  glad  to  see  8uch  a  simple  algebraic  formula  for 
determining  this  point,  as  it  makes  such  deductions  as  these 
much  more  valuable.  It  should  be  remembered,  however,  that 
it  is  to  be  used  only  in  the  neighborhood  of  the  minimum  point. 
Before  endorsing  the  formula,  however,  it  would  be  well  to  see 
how  closely  the  results  for  each  of  the  different  lamps  agree 
with  those  in  Fig.  »!  The  arithmetical  calculations  are  not  as 
tedious  as  might  at  iirst  seem  ;.a  curve  could  probably  be  calculated 
in  ten  or  iifteeu  minutes. 

The  method  which  I  used  for  calculating  the  results  is  purely 
arithmetical  and  not  graphical;  it  is  merely  the  final  result 
which  is  given  graphically  because  it  shows  so  much  more  than 
a  column  of  figures  would.  Although  Mr.  "Weaver's  second 
method  of  calculation,  shown  in  the  tabulated  matter,  is  in- 
teresting, it  involves  more  calculations  and  more  work  than  the 
simple  arithmetical  method  which  I  used;  besides,  curves  ap- 
peal to  one  much  more  than  a  column  of  figures  do,  particularly 
when  two  sets  of  similar  figures  are  compared  with  each  other. 
As  there  is  no  need  of  great  accuracy  in  determining  the  best  age, 
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it  is  not  unlikely  that  the  purely  arithmetical  method,  used  in 
the  paper,  u.ight  after  all,  be  the  simplest,  especially  when  the 
data  is  not  given  in  as  convenient  a  form  as  in  Prof.  Thomas's 
paper. 

Mr.  George  Hill  : — We  should  all  feel  grateful  to  Mr.  Ilering 
for  again  calling  attention  to  this  important  subject,  and  those  of 
us  wlio  have  to  look  after  clients'  interests,  predict  probable 
results  and  the  like,  should  appreciate  these  simple  curves  that 
will  enable  us  to  reach  approximate  results  with  considerable 
accuracy,  while  the  formula  that  it  called  forth  in  the  discussion 
\nll  enable  us  to  come  still  closer. 

Apart  from  the  perhaps,  insufficient  data  on  which  the  con- 
clusions were  based,  which  were  insufficient  for  very  exact 
results  or  broad  generalizations  as  to  costs,  but  were  ample  for  the 
underlying  truths,  the  matter  of  interest  should  have  been  consid- 
ered as  one  easily  introduced  and,  under  certain  conditions  mater- 
ially affecting  the  result. 

For  example,  take  the  case  of  a  factory  running  the  Iflmps  for 
a  few  hours  per  day  during  nine  months  in  the  year,  say  the 
lamps  cost  §0.35,  the  power  §0.(i4  per  k.  w.  hour,  10  c.  p.  lamps, 
and  a  life  of  oOi)  hours,  current  would  cost  $2.27,  and  interest 
$0,130,  making  the  total  $'J.41 ;  this  is  of  course  0^  per  annum, 
which  is  too  much  to  neglect.  Or  take  an  office  building  with 
some  of  the  lights  burnhig  the  same  number  of  hours  as  those 
just  noted,  then  with  power  costing  $0.15  per  k.  w.,  we  should 
ave  the  total  cost,  including  interest  at  (t%,  $8.00  for  the  500 
hour  life,  while  in  the  same  building  there  would  be  lamps 
burning  ^  hours  every  day,  and,  as  a  consequence,  being  re- 
newed every  55  days  for  a  500  hour  life,  the  cost  of  which, 
taking  interest  into  account,  w^ould  be  for  the  iirst,  $7.62  ;  fur 
the  fifth,  at  the  end  of  the  year  say,  $7.90,  and  for  the  eleventh, 
or  the  second  year.  $8.35 ;  a  gain  at  the  end  of  two  years  of 
$0.73,  or  di^i.  The  investigation  could  be  carried  along  this  line 
much  farther  with  interest,  but  it  is  not  the  line  from  which  the 
best  results  can  be  obtained. 

No  one  w-ho  has  kept  posted  has  been  willing  to  deny  that 
there  was  an  economical  limit  or  "  smashing  point"  in  the  life 
of  the  lamp  and  many  have  thought  that  it  was  about  400  to 
♦loO  hours;  in  fact,  two  years  ago  I  wrote  a  specification  for  a 
plant  that  we  were  installing,  calling  for  an  initial*  efficiency  of 
three  watts  per  candle,  and  a  life  of  600  hours,  which  was  hardly 
commercially  possible  then,  although  one  manufacturer  thought 
that  he  could  comply  with  the  conditions.  This  was  done  simply 
as  the  result  of  something  that  I  heard  or  read  and  does  not  de- 
serve any  particular  credit. 

The  point  that  is  most  desirable  of  solution  in  my  mind  is: 
How  can  we  take  advantage  of  this  knowledge  in  a  practical 
way  in  the  operation  of  our  plants?  How  can  the  manager  of 
the  small  central  station  replace  the  lamps  that  are  not  doin;:; 
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their  full  duty  or  are  taking  too  much  current  ?  In  my  own 
house  I  have  some  lamps  that  have  been  unchanged  for  nearly 
five  years,  burning  cm  average  of  two  hours  per  day  for  270 
days  in  the  year,  which  would  be  a  life  of  about  2700  hours, 
Thev  have  been  satisfactory,  as  they  are  all  hall  lights  and  not 
easily  reached,  and  have  never  been  changed. 

There  should  be  first,  a  new  curve  plotted,  or  a  new  formula 
deduced,  with  the  element  of  the  wages  of  a  lamp  collector  added, 
80  as  to  get  a  new  economical  life  and  then,  second,  some  form 
of  apparatus  devised  that  would  make  it  easy  to  determine  the 
eflaciency  of  each  lamp.  Possibly  the  candle  power  test  spoken 
of  by  Mr.  Hering  if  applied  as  a  photometric  test  by  the  station 
management  would  be  the  simplest,  but  if  we  wait  until  there 
are  complaints  about  the  light,  we  shall  certainly  run  the  lamps 
far  beyond  the  economic  point.  Under  such  conditions  we  could 
call  for  a  testing  apparatus  in  each  installation  and  instruct  those 
who  were  to  run  it,  in  its  use,  so  as  to  do  the  best  that  present 
knowledge  permits  of  for  our  clients. 

Prof.  Thomas's  conclusion  from  Mr.  Ilering's  paper  is  that  the 
development  of  the  future  will  be  in  the  line  of  the  central  sta- 
tion furnishing  so  many  watts  of  energy  to  the  consumer  to  do 
as  he  pleases  with,  and  \e  may  be  right  tor  central  station  cases, 
although  I  am  disposed  to  think  that  it  would  be  found  to  be 
economy  to  exercise  an  oversight  in  these  matters,  the  station 
taking  away  the  lamps  every  few  months,  replacing  them  with 
new  ones,  testing  those  taken  away,  rating  them  and  using  them 
on  circuits  of  known  duty,  and  instead  of  charging  for  the  renew- 
als, lumping  it  in  the  charge  for  current.  For  the  isolated  plant, 
especially  in  large  office  buildings,  the  owner  as  a  matter  of 
course  supplies  the  tenant  with  light,  and  there  he  must  look 
after  the  lamps  himself  or  waste  much  energy,  since  he  is  only 
reouired  to  supply  a  certain  amount  of  light,  and  if  the  lamps  are 
dull  there  will  be  more  turned  on  until  finally  all  the  lamps  are 
in  use  and  then  when  they  are  insutticient  there  will  be  a  com- 

Slaint,  and  an  increase  in  the  output  of  current  of  about  100^. 
[eeping  in  mind  then  the  lesson  of  the  paper,  it  will  be  seen  how 
necessary  it  is  to  have  some  way  of  watching  the  lamps  that  is 
quickly  applied,  then  the  engineer  of  the  building  would  each 
month  change  all  of  the  lamps,  test  them,  put  those  that  are 
nearly  used  up  in  the  halls  and  new  ones  in  the  offices,  so  keep- 
ing them  always  under  supervision,  and  smashing  them  when  the 
proper  time  comes. 

Mr.  Townsend  Wolcott  : — Mr.  Howell  read  a  paper^  before 
the  Institute  April  10th,  1888,  in  which  it  was  assumed  that  the 
watts  per  candle  power  for  a  given  lamp,  were  constant  during 
its  life.  Yet,  notwithstaj^ding  this  assumption,  it  was  pointed 
out  in  the  discussion  that  a  lamp  could  live  too  long,  its  efficiency 
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being  impaired  by  blackening.  Mr.  Howell  stated  that  the  rela- 
tion between  cost  of  power  and  first  cost  determined  the  most 
economical  life  of  lamps.  That  is,  the  greater  the  cost  of  power 
in  relation  to  the  first  cost,  the  hotter  we  can  afford  to  bum  the 
lamps.  The  cost  of  lamp  manufacture  (or  at  all  events,  the  sel- 
ling price  of  lamps)  has  been  reduced  since  that  time,  while  that 
of  power  has  not,  and  it  ought  to  pay  to  burn  them  hotter  and  I 
should  be  glad  to  see  that  done.  I  do  not  consider  that  a  bottled 
an^le  worm  is  a  suitable  light.  The  incandescent  lamp  lacks  just 
a  little  of  being  a  beautiful  light :  just  when  every  one  begins  to 
admire  the  light  we  find  tnat  we  are  away  above  the  voltage 
marked  on  the  lamp.  In  some  places  where  lamps  are  run  from 
existing  power,  or  where  the  cost  of  power  is  not  considered, 
they  think  more  of  the  cost  of  lamps  than  anything  else.  In  one 
place  I  have  in  mind,  112  volt  lamps  are  run  irom  a  dynamo 
which  does  not  give  above  110  volts.  Where  a  good  light  is  re- 
quired the  tendency  is  to  use  them  up  quicker.  Although  Mr. 
Hering's  paper  starts  from  a  very  different  basis  from  Mr. 
HoweU's,  it  leads  to  the  same  conclusion,  so  far  as  the  most  im- 
portant point  is  considered,  namely,  that  we  can  afford  to  have 
better  light  than  we  have  been  getting. 

AIb.  Hammer  : — The  paper  referred  to  was  read  while  I  was 
out  of  the  country,  and  havmg  had  occasion  to  look  into  the  mat- 
ter recently,  I  was  much  interested  in  the  published  tents.  Some 
of  the  tables  have  a  direct  bearing  upon  Mr.  Hering's  conclu- 
sions. One  curve  shown  by  Mr.  Howell  was  stated  to  have  cost 
$10,000,  and  the  tests  covered  an  enormous  period  of  time.  In 
l^'ing  down  a  law  and  forming  conclusions  such  as  shown  in  Mr. 
Hering's  paper  it  seems  to  me  they  should  be  based  on  various 
types,  and  upon  a  large  number  of  lamps  tested  under  the  same 
conditions. 

The  Chairman  : — There  is  much  food  for  thought  in  Mr. 
Hering's  paper,  and  its  ideas  as  elucidated  by  him,  and  by  the 
members  who  have  favored  us  by  discussion,  are  cKarly  of  such 
practical  importance  that  they  merit  the  mature  consideration  of 
all  who  are  interested  in  illumination  by  glow  lamps,  whether 
producers  or  consumers. 

While  the  idea  of  cutting  short  the  life  of  an  incandescent 
lamp  is  an  absolutely  new  one  to  me,  I  have  thought  while 
listening  to  the  discussions  that  it  is  one  capable  of  much  wider 
application  than  the  paper  suggests.  For  example,  to  human 
beings  who  have  outlived  their  usefulness  and  whose  life  is 
devoted  to  making  the  lives  of  their  fellow-creatures  miserable. 

My  early  years  were  embittered  by  an  aged  and  crabbed  male 
relative,  and  I  think  now,  if  I  had  had  then  the  suggestions  con- 
tained in  Mr.  Hering's  paper  I  might  have  taken  into  considera- 
tion the  circumstance  that  it  was  a  waste  of  energy  to  keep  him 
going,  and  that  in  the  interests  of  law  and  order,  seeing  that  he 
had  reached  that  period  which  Mr.  O'Keenan,  impelled  by  the 
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hereditary  instincts  of  his  race,  calls  the  '*  smashing  point,"  it 
was  my  duty  to  disconnect  him. 

Vice-President  Hammer  from  the  Committee  on  Badge  and 
Certificate  exhibited  samples  of  each  and  made  the  following 
report : 

Mr.  Hammbr: — Although  this  question  has  been  considered 
by  the  Council  at  intervals  during  the  past  four  years,  various 
committees  having  been  appointed,  I  personally  have  had  nc^ 
connection  with  the  matter  until  the  appointment  of  the  present 
Committee  of  which  I  have  the  honor  to  be  a  member.  The 
Council  has  now  officially  and  unanimously  adopted  the  design 
as  shown  to  the  Institute  at  its  last  meeting,  with  some  very 
slight  modifications.  The  badge  will  be  ready  for  distribution  in 
about  a  month.  The  badge  is  of  14  karat  gold,  and  the  price  will 
be  $3.^)0  each.  The  design  is  in  the  form  of  Franklin's  kite, 
which  demonstrated  the  identity  between  lightning  and  electricity, 
and  is  a  compliment  to  America'sfirst  electrician  and  philosopher, 
Benjamin  Franklin.  The  arms  or  border  of  the  kite  form  a 
diagrammatic  representation  of  the  Wheatstone  Bridge.  In  the 
centre  is  a  tiny  galvanometer,  the  pin  thus  embodying  two  im- 
portant electrical  measuring  instruments.  The  galvanometer 
contains  a  blued  steel  needle,  above  which  is  a  small  sheet  of 
amber.  Its  use  is  particularly  approj)riate  as  our  first  concep- 
tion of  electricitv  dates  back  to  600  years  B.  C,  when  Tliales,  the 
Greek  philosopher,  recorded  the  facjt  that  amber  when  rubbed  at- 
tracted like  particles  to  it,  and  the  Greeks  worshipped  it  believing 
that  it  possessed  a  soul  and  that  the  gods  had  endowed  it  with  life. 

Amber  also  represents  the  derivation  of  the  word  electricity 

as  Dr.  Gilbert,  Court  Physician  under  Queen   Elizabeth  in  the 

year  IHOO,  A.  D.,  coined   tlie  word  electricity  from  the  Greek 

word  for  amber,  which  is  elektron.     Above  the  galvanometer  are 

the  letters  A.  I.  E.  E  ,  the  initials  of  the  Institute.     Below  is 

E 
Ohm's  law  C  ^^  -L. 

I  wish  also  to  call  attention  to  the  certificate  which  has  been 
submitted  by  the  Committee  to  the  Council  and  which  I  take 

[)lea8ure  in  presenting  to  the  Institute.  It  is  the  result  of  the 
abors  of  vour  Committee  after  a  careful  consideration  of  the  de- 
signs used  by  the  various  engineering  societies.  The  Committee 
will  be  pleased  to  receive  any  suggestions  or  criticisms  from  the 
members  which  th<*y  will  kindly  forward  to  the  Secretary.  I 
might  also  call  attention  to  the  fact  that  the  Council  at  its  meeting 
this  afternoon  decided  that  the  design  of  the  pin  which  was 
adopted  should  appear  upon  the  certificate,  all  papers  and  other 
publications  and  the  stationery  of  tlie  American  Institute  of 
Electrical  Engineers. 

[The  following  "  Note  on  the  Disruptive  Strength  of  Dielec- 
trics," by  Mr.  Charles  P.  Steinmetz,  was  read  by  the  Secretary  in 
the  absence  of  the  author.] 
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NOTE     ON    THE    DISRUPTIVE    STRENGTH    OF 

DIELECTRICS. 


BY    CHAS.    PROTKUH    STKINMETZ. 


When  an  insulating  medium  is  exposed  to  a  great  electrostatic 
stress,  quite  independent  of  its  specific  electric  resistance  at  a  cer- 
tain E.  M.  F.,  disruptive  discharge  takes  place,  that  is,  a  spark — 
followed  by  the  arc,  where  the  supply  of  electricity  is  sufficiently 
large — passes  through  the  dielectric,  and  such  mechanical  and 
other  changes  take  place  therein  that  its  resistance  is  practically 
reduced  to  nil. 

To  investigate  this  phenomenon  further,  especially  to  deter- 
mine the  dependence  of  the  sparking  distance  upon  the  e.  m.  f., 
a  number  of  tests  were  undertaken. 

As  K.  M.  F,  an  alternating  e.  m.  f.  had  to  be  used,  since  the 
sources  of  high  continuous  potentials,  the  electrostatic  machines, 
are  not  capable  of  giving  perceptible  currents  of  electricity,  and 
since  at  these  high  potentials  a  very  perceptible  escape  of  elec- 
tricity into  the  air  takes  place,  the  required  constancy  of  poten- 
tial in  the  discharge  circuit  can  be  ensured  only  by  the  use  of  a 
source  of  electricity  capable  of  yielding  perceptible  currents. 
Hence,  the  required  potentials  were  derived  by  converting  a  low 
pressure  alternating  current  by  step-up  transformers. 

As  source  of  the  low  pressure  current,  a  small  Westinghouse 
50  volt  and  1  h.  p.  alternator  was  used,  which  was  driven  by  a  3 
H.  p.  Eickemeyer  raotor^  with  a  speed  corresponding  to  a  fre- 
quency of  approximately  N  =  150  complete  periods  per  second. 
The  E.  M.  F.  of  the  alternator  was  varied  by  varying  the  exciting 
current,  up  to  80  ^  90  volts. 

1.  The  same  two  machines  which  were  used  for  tbe  electro-dynamameter 
te&ts  commuaicated  in  previous  papers,  "  On  the  Law  ot  Hysteresis/'  vol.  iz., 
p.p.  8,  621. 
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The  putentiftl  was  increaeed  by  meaos  of  a  special  transformer, 
except  in  the  lowest  readings  (below  i,000  volts)  of  the  tests 
made  with  air,  where  two  small  Westinghouse  traaBfomiers  (volt- 
meter converters)  were  used.  Each  of  these  transformers  had 
two  eoarse-wire  or  50  volt  coils,  and  one  fine-wire  or  1,000  yoU 
coil,  and  by  suitably  connecting  tlie  coils,  the  following  ratio?  of 
transformation  were  derived ; 

1  ^  1(1,  1  ^  20,  1  ^  40. 

The  discharge  plates  were  connected  into  the  tine-wire  circuit, 
the  alternator  into  the  coarse-wire  cirenit.  The  voltmeter — an 
elect ro-dy  nan  IOmeter'  was  connected  acrons  the  coarse- wire  or  pri- 
mary eiit'uit,  and  tlie  scciHidary  )X)Ii-ntiii]  culciilatcd  by  means  <if 


I^fflMHI 


Fi.i.  1. 

the  ratio  ol   transformation,  which  was  penniiwible  in  this  cane, 
since  the  magnetization  was  always  far  from  saturation. 

For  all  the  other  tests,  a  special  transformer  was  used,  which  is 
shown  in  Fig.  1.  This  transformer  was  built  up  in  rectangu- 
lar form  of  alternating  sheet-iron  plates  of  ]  2^'  X  3'  and  of 
9i'X3*,  3'  high,  giving  a  cross-section  of  the  magnetic  circuit  of 
4iD'  =  29  cm.',  and  a  length  of  30'  =  76  cm.  approximately. 
Eight  spools  were  used,  two  primary  spools  of  wire  No.  10,  A. 
W.  Q.,  one  of  50  turns— the  other  of  20  turns.  The  20  turn 
coil  was  excited  by  the  alternator.  The  secondary  circuit  con- 
sisted of  6  spools  of  thoroughly  paraffined  wood  of  -^f'  thickness, 
each  spool  containing  1,000  turns  wire  No»  22,  A.  W.  G.  Usu- 
•  given  in  Uie  flrsi  pa^r  "  On  the  Ixm  of 
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ally,  the  secondary  coils  were  all  connected  in  series  ;  for  some 
tests,  only  3  coils  were  used,  the  two  halves  of  the  secondary  cir- 
cuit being  connected  in  parallel. 

Since  the  magnetization  was  occasionally  pushed  up  to  high  sat- 
uration, where  the  exciting  current  became  large,  and  the  ratio  of 
turns  does  not  equal  the  ratio  of  transformation,  and  since  un- 
der these  circumstances  magnetic  leakage  is  no  longer  negligible, 


Pig.  2. 

the  voltmeter  was  not  connected  across  the  primary,  but  a  spe- 
cial voltmeter  circuit  provided  of  20  turns  ordinary  lamp  cord,  of 
which  10  turns  were  wound  between  the  two  primary  spools,  10 
turns  between  the  middle  spools  of  the  secondary  circuit,  as  shown 
in  Fig.  1.  The  voltmeter  was  the  same  electro-dynamometer  as 
in  the  former  teats. 
With  open  secondaries,  and  50  primary  turns,  the  equation  of 


Fig.  8. 
this  transformer  is,  at  iV  =  100  complete  periods  per  second, 

40  +  5.75  A  ' 

where  V  are  the  volts,  I  /'  ff    t •      ^ 

A  the  amperes  of  the  primary  circuit,  f  V®"^^  ^^®v 

With  all  the  six  secondary  coils  connected  in  series  in  short- 
drcnit,  Bt  jff  •=  100  complete  periods,  the  equation  of  the  trans- 
former is,  approximately. 
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F=  1.33  71. 

The  E.  M.  F.  of  tlie  high  potential  circuit  was  calculated  from 
the  voltmeter  readings  by  the  ratios, 

1  ^  150     and     1  -=-  300. 

Since  at  the  frequency  iV  =  160  and  this  arrangement  of  the 
secondary  coils  for  the  potentials  used  in  the  tests,  the  influence 
of  the  capacity  is  still  negligible. 

In  the  tests  made  with  the  Westinghouse  converters — which 
date  back  to  tTuly,  1891 — as  discharge  plates,  two  polished  rectan- 
gular {^Yy^^Vy^V)  Norway  iron  blocks  were  used,  with  a  piece 
of  mica  of  measured  thickness  between  them,  which  contained  a 
hole  of  Y  t^>  V  diameter  as  spark  gap. 

As  electrodes  or  discharge  plates  for  the  high  potential  con- 
verter, two  brass  disks  of  2"  diameter  and  y\"  thickness  were 
used,  well  polished  and  with  their  edges  carefully  rounded  ofE. 
They  were  held  by  two  brass  rods,  or  wires,  of  -f^"  diameter  on 
hard  rubber  pillars,  which  were  fastened  on  overhanging  hard 
rubber  sheets,  so  that  by  their  elasticity  the  discharge  plates  were 
pressed  against  each  other.  The  one  electrode  was  fastened  on 
the  brass  wire,  the  other  rested  on  a  point,  to  adjust  itself  to  close 
j>aralleli6m.  The  v/hole  was  mounted  on  a  hard  rubber  plate,  as 
shown  in  Fig.  2.  For  testing  liquids,  the  arrangement  shown 
in  Fig.  3  was  used,  consisting  of  two  bent  brass  wires  held  li" 
apart,  but  pressed  together  by  two  soft  rubber  cross-pieces,  and 
carrying  at  their  lower  ends  the  same  discharge  plates  of  V  diam- 
eter. 

In  the  tests  with  air  or  liquids,  the  electrodes  were  kept  apart 
by  pieces  of  glass  or  mica  of  measured  thickness ;  in  the  tests 
with  solid  materials,  the  test  piece  was  laid  between  the  elec- 
trodes, which  pressed  against  it. 

The  tests  were  made  in  the  following  manner : — The  test  piece 
was  brought  between  the  discharge  plates ;  then  the  primary  cir- 
cuit of  the  alternator  closed  while  the  exciting  current  was  at  its 
lowest  value,  and  then  simultaneously  the  exciting  current  in- 
creased slowly,  and  with  the  other  hand  the  voltmeter  needle 
made  to  follow  the  increasing  potential,  imtil  the  test  piece  broke 
down,  which  was  noticed  by  the  sudden  drop  of  the  voltmeter, 
due  to  the  short-circuit  of  the  secondary.  Then  quickly  the  ex- 
citing current  was  broken,  the  voltmeter  read,  the  electrodes 
cleansed,  a  new  test  piece  adjusted,  etc. 
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By  the  ratio  of  the  turns  of  the  voltmeter  exciting  coil,  and  of 
the  high  potential  circuit,  1  -7-  150  vs,  1  ~  300,  from  the 
effective  voltmeter  reading,  the  effective  potential  at  the  discharge 
plates  was  found,  and  by  assuming  the  sine  law  of  e.  m.  f.  wave, 
that  is,  hy  multiplication  with  v"^,  the  maximum  potential  at 
the  electrodes  or  discharge  plates  calculated. 

The  connection  between  electrodes  and  secondary'  coils  con- 
sisted of  two  short  pieces  of  rubber  insulated  wire,  which  were 
carried  through  the  air,  so  that  practically  no  escape  of  current 
could  take  place  from  them. 

The  application  of  the  potential  always  lasted  but  a  short  time 
—not  over  15  seconds.  Still,  all  the  materials  became  more  or 
less  heated  before  breaking  down. 

The  exactness  of  this  method  of  testing  is  necessarily  limited, 
and  the  results  may  possibly  contain  a  constant-error  due  to  the 
deviation  of  the  e.  m.  f.  from  sine  shape — so  that  the  maximum 
E.  M.  F.  is  not  exactly  equal  i'^2  X  effective  e.  m.  f. — and  an  error 
in  the  counting  of  the  secondary  turns,  which,  though  done  very 
carefully,  is  unavoidable  with  such  a  large  number  as  6,000  turns. 
This  possible  constant-error,  however,  can  amount  to  a  very  small 
percentage  only,  probably  not  exceeding  two  per  cent. 

Where  several  tests  were  made  with  the  same  thickness  of  ma- 
terial, and  gave  nearly  the  same  result,  the  average  of  the 
readings  was  taken,  and  the  number  of  readings  marked  in  the 
table. 

In  the  following  tables,  in  the  first  column,  the  maximum  dif- 
ference of  potential  where  the  dielectric  broke  down,  is  given  in 
kilo-volts  or  thousands  of  volts,  as  V. 

In  the  second  column,  the  thickness  of  the  dielectric,  or  the 
sparking  distance,  is  given  in  milli-centimetres,  or  thousandths  of 
centimetres,  as    d. 

obs. 

From  these  two  observed  quantities,  in  the  third  column,  the 
electrostatic  gradient  ^7  =  -^  is  calculated,   in   kilo-volts    per 

obf. 

centimetre. 

From  these  tests,  empirical  formulas,  expressing  the  interde- 
pendence of  V  and  <5,  were  calculated,  and  the  values  of  8  calcu- 
lated by  means  of  these  formulas,  given  in  the  fourth  column  as 

ctlc. 
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The  fifth    and  sixth   columns  give  the  difference  between 
8  and   8  in  milli-centimetres  and  in  percentages  of  d, 

calc.  obt.  calc. 

First  I  tried  the  equation  of  the  hyperbola, 


h-   F' 

which  would  give  a  finite  value  F  =  J,  where  d  becomes  infinite, 
that  is,  discharge  takes  place  into  the  air.  This  function  did  not 
satisfy  the  results  at  all,  as  seen  from  the  last  column  of  Table  I., 
and  within  the  range  of  observation,  no  tendency  to  electrostatic 
saturation  was  noticed.  It  would  give  a  limiting  value  of  V  at 
about  79  kilo-volts. 

With  some  materials,  the  tests  agreed  fairly  well  with  the 
linear  function, 

8  =  aV, 

showing  that  at  a  definite  electrostatic  gradient,  g  =  — ,  the 

a 

dielectric  breaks  down,  independent  of  its  thickness. 

Other  materials  did  not  follow  this  equation  at  all,  but  the 
sparking  distance  increased  quicker  than  the  e.  m.  f.  The  addi- 
tion of  a  quadratic  term, 

gave  fair  agreement  with  the  tests. 

A  remarkable  behavior  was  noticed  with  air.  For  higher  k.  m. 
F.'s,  the  sparking  distance  in  air  agreed  fairly  well  with  this  quad- 
ratic law;  but  even  better  still  with  a  formula,  where  the  parabola 
did  not  start  at  the  origin,  but  from  an  s.  m.  f.  of  about  650 
volts,  so  that  these  tests  were  expressed  by 

8  =  a  V+b  V^—G. 

For  lower  values,  below  V  =  1,500  ^^  2,000,  the  curve  left 
this  parabola  and  sloped  towards  the  origin. 

Consequently,  to  express  the  tests  over  the  whole  range,  a  fur- 
ther term  has  to  be  added,  which  disappears  for  values  of  F 
beyond  1,500  '^  2,000  volts.  The  sunplest  function  of  this  char- 
acter is  the  exponential  c  e'~'  ^  and,  indeed,  the  tests  made  with 
air,  over  the  whole  range,  were  fairly  well — that  is,  within  the 
errors  of  observation — expressed  by  the  equation, 

8  =  €{6-^^—1)  + a  F-f  J  VK 
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This  equation  is  merelr  empirical  and  can  eonsequeutiT  be  ex- 
pected to  hold  onlv  within  the  range  covered  bv  the  testSw  SrilK 
the  terms  of  this  equation  mar  have  some  theoretical  foundation. 

The  term  a  V  gives  the  electrostatic  gradient  ^  =  _,at  which 

a 

the  air  while  at  rest  under  ordinary  pressure  breaks  down. 

Mechanical  or  other  changes  taking  place  in  the  air  under  the 
electrostatic  stress  (for  instance,  air  currents),  and  being  propor- 
tional to  the  E.  M.  F.f  may  justify  the  introduction  of  the  quad- 
ratic term,  b  V} 

As  known,  all  tlie  solid  materials  are  covered — bv  molecular 
attraction — with  a  thin  film  of  compressed  air.  The  disruptive 
strengtli  of  compressed  air  is  greater  than  that  of  air  of 
ordinary  pressure.  Consequently,  these  two  films  of  com- 
pressed air  must  behave  like  an  increase  of  the  distance  of  the 
electrodes,  by  that  length,  <*,  which  is  equivalent  to  the  greater 
disruptive  strength  of  the  two  films  of  compressed  air  covering 
the  electrodes.  Hence,  the  theoretical  sparking  distance* 
a  r  -|-  ft  r,*  has  to  be  decreased  by  a  constant  <»,  giving 

But  when  approaching  the  electrodes  so  closely  that  the  tw<v 
films  of  compressed  air  unite  more  or  less,  tiie  constant  term  c  will 
be  more  or  less  decreased.  Now,  the  density  of  the  air  near  the 
surface  of  an  attracting  body  is  represented  by  an  exponential 

function  of  the  form  e  "".^  * 

Hence, it  is  possible  that  this  exponential  term,  which  I  noticed 

only  in  air,  c  (e^"      —  1),  has  a  physical  meaning. 

This  is  corroborated  by  the  numerical  values  of  a,  c  and  rf.  For, 
calculating  the  electrostatic  gradient  of  air  for  extremely  small 
distances, 

y 

we  get   139  kilo-volts  per  cm.     Dry  fibre,  a  porous  materiaL 
gives  almost  the  same  value,  130  kilo-volts  per  cm. 

Very  interesting  luminous  effects  take  place  when  a  thin 
sheet  of  good  insulating  material,  as  mica,  is  placed  between 
the  electrodes.  At  a  difference  of  potential  of  830  volts 
and  a  thickness  of  mica  of  1.8  milli-eentimetres,  in  darkness,  a 
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faint  bluish  glow  becomes  visible  between  the  mica  and  the  elec- 
trodes. This  glow  is  very  perceptible  at  970  volts,  and  faintly 
visible  in  broad  daylight  at  1,560  volts.  With  increasing  differ- 
ence of  potential,  this  bluish  glow  increases  in  intensity,  form- 
ing a  sharply  defined,  smooth,  blue  line  around  the  electrodes  at 
their  point  of  contact  with  the  mica. 

At  a  difference  of  potential  of  4.5  kilo-volts — thickness  of  mica 
of  2.3  milli-centimetres — violet  creepers  of  about  2  mm.  length 
break  here  and  there  ont  of  the  line  of  bluish  glow.  These  creep- 
ers are  distinctly  different  from  the  blue  glow  surrounding  the 
electrodes  and  increase  in  number  and  length  with  increasing  po- 
tential, until  they  form  a  broad  electrostatic  aurora  surrounding 
the  electrodes  on  either  surface  of  the  mica-sheet,  consisting  of  an 
infinite  number  of  small  violet  streamers,  rushing  with  a  hissing 
noise  over  the  mica.  This  corona  increases  rapidly  in  width  un- 
til it  reaches  the  edges  of  the  mica-sheet.  Then  white  sparks  of 
intense  brightness  pass  from  electrode  to  electrode  over  the  sur- 
face of  the  mica,  first  few  in  number,  then  with  increasing  poten- 
tial, covering  the  whole  sheet  with  an  infinite  number  of  streaks 
of  lightning,  with  a  roaring  noise.  The  amount  of  current  pass- 
ing through  these  sparks  is  exceedingly  small,  for  no  perceptible 
reaction  upon  the  primary  circuit  was  noticed.  The  length  of 
these  sparks  is  many  times  larger  than  the  sparking  distance  in 
air,  being  tenfold  at  17  kilo-volts.  They  are  intensely  hot,  and 
leave  whitish  marks,  due  to  calcination,  on  the  mica  when  pass- 
ing over  it.  The  sheet  of  mica  and,  especially,  the  electrodes  be- 
come heated  very  rapidly,  the  mica  twists  and  begins  to  splinter, 
to  sepamte  into  sheets,  until  finally  it  breaks  down. 

To  determine  the  difference  of  potential  required  for  the  pro- 
duction of  these  sparks,  a  circular  disk  of  mica,  of  1"  diameter 
and  19  milli-centimetres  thickness,  was  inserted  between  the  elec- 
trodes, the  E.  M.  F.  increased  until  the  first  sparks  passed  over  the 
^dge  of  the  mica,  the  voltmeter  read — then  the  mica  disk  cut 
down  to  6"  diameter  and  the  test  repeated,  etc.  These  tests  are 
given  in  Table  XIII.  and  Fig.  8. 

The  width  of  the  electrostatic  corona  is  half  the  length  of  these 
imparks.  The  length  of  these  sparks  depends  somewhat  upon  fre- 
quency and  the  thickness  of  the  mica-sheet,  being  greater  for 
higher  frequency  and  thinner  mica  disk,  but  apparently  only  in- 
so-far  as  the  capacity,  or,  rather,  the  charging  current  of  the  con- 
denser, represented  by  the  mica  disk  as  dielectric,  is  increased 
thereby. 
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Since  these  sparks  behave  entirely  different  from  an  arc  passing 
between  the  electrodes,  and  are  usually  unable  to  start  an  arc,  1 
believe  they  are  merely  a  condenser  phenomenon.  That  is,  I  ex- 
plain it  so,  that  the  corona  is  the  charging  current  of  the  con- 
denser formed  bv  the  mica  disk  as  dielectric,  and  the  whole 
surface  covered  by  the  corona  as  condenser  plate,  while,  when 
the  corona  reaches  the  edge  of  the  dielectric,  disruptive  discharge 
of  the  condenser  takes  place,  by  these  sparks  passing  over  tlie 
edge  of  the  dielectric. 

I  do  not  know  whether  this  explanation  really  covers  the  phe- 
nomenon, but  merely  offer  it  as  a  suggestion.  Of  all  the  high- 
potential  phenomena,  this  is  undoubtedly  the  most  brilliant 

Referrins;  now  to  the  tables  and  figures : 

Table  I.,  Fig.  4.  Disruptive  Discharge  Through  Air. 

Mica. 

Vulcanized  Fibre. 
Dry  Wood  Fibre. 
Paraffined  Paper. 
Melted  Paraffin. 
Boiled  Linseed  Oil. 
Turpentine  Oil. 
(■opal  V'amish. 
Cnide  Lubricating  Oil. 
"        Vulcabeston. 
Asbestos  Paper. 
XllL,  Fig.  8,  Luminous  Effects  and  Creeping  Discharge. 
XIV.,  Electrostatic  Gradients  and  Specific  Electric  Kesistances. 

In  Figs.  6  and  8,  the  air-curves,  and 

In  Fig.  7,  the  air  and  the  mica-curves  are  drawn  in  dotted  lines 
for  comparison. 

As  seen  from  Table  XIV.,  the  electrostatic  gradients  and  the 
specific  electric  resistances  have  no  relation  with  each  other. 

As  a  curiosity,  it  may  be  remarked  that  by  extraj)olatiug  the 
sparking  distance  by  means  of  the  empirical  formula  of  Table  I., 

3  =  30  {e-  ^-^  ^—  1)  +  54  F  +  1.2   V,' 

we  would  get  for  100,000  volts,  a  sparking  distance  of  about  7"; 
for  a  quarter-million  volts,  a  sparking  distance  of  3  feet;  for  one 
million  volts,  40  feet  sparking  distance ;  while  a  lightning  stroke 
of  one  mile  in  length  would  require  11,000,000  volts. 
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TABLE  I. 

DISRUPTIVE  DIBCHAKOB  THBOUQH  AIR. 

5  =  3C  (e -  ^^  I'-  1)  +  54   r  +  1.2  7.' 
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TABLE  II. 

DIBKUPTIVE  DISCHARGE  THROUGH  MICA. 

d  =  .U  F  +  .0145  F.' 
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TABLE  III. 

DISBL'PTIVE   DISCHAROK  THROUGH  VUIJJANIZED    FIHRE. 

d  =  7.C6  V  +  2.3  v.' 
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.TABLE  IV. 

DISBCFTITE    DI80HABGE   THKOUQH    CRT    WOOD   FIBBE. 
a  =  7.66  V. 
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TABLE   V. 


DISRUFnVB   DI8CHABOB   THROUGH    PARAFFINED   PAP£B« 


=  3    F. 
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TABLE  VI. 
DISRUPTIVE   DISCHARGE  THROUGH  MELTED  PARAFFIN,  60^  TO  70**  C. 

d  =   12.4    V. 
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TABLE  Vn. 

DISBUPTIYE   DI80HAROE  THROUGH   BOILED   LINSEED  OIL,    21^    C. 

d  =  12.5  V. 
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TABLE  VIII. 

DISRUPTIVE   DISCHARGE   THROUGH   TURPENTINE   OIL. 

a  =  15.7  F. 
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xia 

—13 

— 11.6 

I3.0 

167 

72 

188 

-H« 

-f-ii.a 

15.6 

250 

62 

245 

5 

—  a.o 

Average 

••          •••••••• 

1 

I             64 

Average.. 

±»3 

±  8.3 

TABLE  IX. 
DISRUPTIVE  DISCHARGE  THROUGH    COPAL   VARNISH. 

d  =  30   F. 


Maximum 
Difference 
of  Potential 
m  Kilo- 
Volts. 

V 

Sparking 

Distance 

Observed 

in  MUli- 

Centimelres 

d 

obs. 

Electrostatic 
Gradient 

in 

Kilo-Volts 

per  cm. 

0 

Sparking 
Distance 

Calculated 
in  Milli- 

Ceniinietrtrs 

d 

calc. 

Difference, 

0  0 

calc.     obs. 

J 

Difference 

in  Per  Cent. 

of 

calc. 

9-7 
90.4 

300 
6co 

1 

32 

34 

i                                  ! 

291 
612 

+.? 

-|-2.0 

•■                            1 
Average 33 

Average.. 

±10 

±3.6 

100 
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TABLE  X. 

DISRUFnVE   DI8CHABGE  THBOUGH   CRUDE   LTJBBICATTNO    OIL. 

a  =  60  y. 


Maximum 

Sparking 

Electrosutic 

Sparking 

Difference, 

Difference 

Difference 

Distance 

Gradient 

Distance 

in  Percent. 

of  Potential 

Observed 

m 

Calculated 

8-8 

of 

R#>fnArlpft 

in  Kilo- 

in  MUli. 

Kilo-Volts 

in  MUU- 

d 

Volu. 

Centimetres 

per  cm. 

Centimetres 

calc.    obs. 

calc. 

V 

8 

obs. 

9 

8 

calc. 

J 

% 

Average  of 

4>4 

S 

»4-7 

264 

-36 

— X3.3 

9-4 

»5-7 

'     564 

--36 

-6.4 

a  readings. 

15.9 

900 

»7-7 

954 

+54 

+  5.7 

a        •• 

Average 

z6.o 

Average.. 

±4a 

±  8.5 

TABLE  XL 
DISRUFnVE   DISCHARGE  THROUGH  VULCABESTON. 

a  =  28  7. 


Maximum 

Sparking 

Electrosutic 

Sparking 
Distance 

Difference, 

Difference 

Difference 

Distance 

Gradient 

in  Per  Cent 

of  Potential 

Observed 

in 

Calculated 

8     8 

of 

flMnflrks 

in  KUo- 

inMilU- 

KUo-Volts 

in  Milli- 

d 

Volta. 

Centimetres 

per  cm. 

Centimetres 

calc.    obs. 

calc. 

V 

8 

obs. 

9 

8 

calc. 

J 

% 

Average  of 

i:? 

TOO 

40 

iia 

+» 

+10.7 

3  readings. 

aoo 

34 

xas 

— la 

-6.4 

a       ** 

'^i 

300 
150 

U 

a88 
353 

— xa 

—  a 

=  M 

a        •' 
1        '• 

3-7 

24 

X04 

(-53) 

(-50 

6       " 

Average 

36 

Average.. 

±zo 

±  5.5 

Gets  very  hot  before  breaking  down. 

TABLE  XII. 
DISRUPTiyS  DISCHARGE  THROUGH  ASBESTOS  PAPER. 

a  =  23   F. 


Maximum 

Sparking 
liistance 

ElectitMtatic 

Sparking 

Difference 

Difference 

Difference 

Gradient 

Distance 

in  Per  Cent. 

of  Potential 

()bi>er\-ed 

in 

Calculated 

8      8 

of 

P          . 

in  Kilo- 

in  Milh- 

Kilo-Volts 

inMilli- 

d 

Volts. 

Centimetres 

per  cm. 

Centimetres 

calc.     obs. 

1 

calc. 

V 

d 

1        9 

8 

J 

% 

Average  of 

obs. 

1                        ! 

calc. 

a.7 

60 

45 

6j 

-f2 

+3-» 

3  readings. 

5*> 

xao        1 '            42 

«>5 

-5 

-4.4 

3        " 

Average 

II 
43 

Avenge.. 

±4 

±3.8 
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TABLE   XIII. 
LUMINOUS  EFFECTS  AND  CREEPING  DI8CHABQB. 

Width  of  Electrostatic  Corona,  w  =  27.5  (F—  2)1 
Length  of  Creeping  Discharge,  d  =^  bb  {V —  2)'. 


Maximum 

Thickness 

Length  of 

Width  of 

Electro9Utic 

Difference, 

Difference 

Difference 

of 

Creeping 

Electrostatic 

Gradient 

in  Per  Cent. 

of  Pbtendal 

Mica  Disk 

Discharge 

Corona 

in  Kilo-Volts 

Calcu- 

of 

in  Kilo- 

in  Milli- 

m 

in 

per 
Centimetre. 

Uted. 

d  — d 

Volts. 

Centimetres 

Centimetres 

Centimetres.' 

calc.    obs. 

d 

1 

calc. 

V 

3 

d 

obs. 

W          i 

9      \ 

d 

calc. 

J 

% 

.83 

1.8 

Faint  bluish  rIow  between  electrodes,  visible  in  the  dark. 

•97 

1.8 

Perceptible  bluish  glow,  visible  in  the  dark. 

1.56 

Z.8 

Considerable  bluish  glow,  faintly  visible  in  broad  daylight. 

450 

'•3 

Intense  bluish  glow  ;  begins  to  9end  out  short  creepers  of  about  .3  cm.  length.  | 

4-50 

a.3 

Considerable  smell  of  ozone. 

.40 

1 
1 
.30 

11.35 

•34 

—.06 

(-17.7) 

9  00 

»9 

3.28 

1.64 

2-93 

3.18 

— .xo 

.    3' 

"35 

19 

5.16 

3-58 

a. 40 

5.89 

+•73 

+  X3.4 

«3.S5 

>9 

7.66 

\^ 

1.77 

7-34 

—.32 

—  4-3 

15.95 

19 

10.16 

'•57 

10.70 

--•54 

-f.04 

--  5-0 
--    .3 

17. 10 

19 

za.50 

6.35 

1.37 

«2.S4 

14.90 

9 

xa.50 

6.35 

1. 19 

Averai 

r«  

±.30 

±  5^o 

TABLE  XIV. 
BLKCTBOSTATIC  GRADIENTS  AND  SPECIFIC  ELECTRIC  RESISTANCE, 


r 

Electrostatic 

Gradient  at 

Specific 
Electnc     i 

0         5          as 

Resistance  ! 

MATERIAL. 

in  Millions  ■ 

Remarks. 

Kilo-Volts. 

of  Megohm-' 

in  Kilo-Volts  per 

Centimetres 

Centimetre. 
13Q        16.7     11.9 

Air 

00 

Mica 

4170    3300    1660 

84 

Vulcanized  Fibre,  red  . . 

130        52        15-3 

1.3? 

Slightly  damp. 

Dry  Wood  Fibre 

X30 

x.a? 

Parafllined  Paper 

Melted  Paraffin 

339 

34i<»o 

8t 

65  c  C. 

Roiled  Linseed  Oil .... 

80 

aio  C. 

Turpentine  Oil 

64 

Copal  Varnish   

30 

Crude  Lubricating   Oil 

(Mineral  Oil)  

xS 

Very  impure. 

Vulcabeston 

3<5 

Asbestos  Paper 

Creeping  Discharge — 

43 

xo.x       .86 
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TABLE  XF. 

BFABKINO  DtSTAKCEB  IN  AIB,  W  HILLI-OBKnUBTBES. 


B 

1 

iaf-. 

fi 

1 

■5 

=11= 

ill 

11 

ijl"! 

i 

jil 

o 

o 

"= 

m 

■« 

2 

V 

d 

8 

d 

3 

y' 

S 

s 

s 

<J 

a 

Dts. 

clc. 

obi. 

CBlc. 

obi. 

calc. 

oU. 

aW. 

Ob.. 

-It 

\ 

1 

I 

\ 

3 

5 

■w 

;?i 

"° 

.6s 

5 

i 

1 

4M 

>;7 

^78 

J^ 

5 

ni 

6^° 

1^! 

3~ 

36. 

.5£ 

il 

9M 

78: 

™ 

;i:^ 

<B3 

jj; 

* 

1476 

is 

w 

.300 

_85^ 

J700 

3B50 

i 

s 

16.0 

Ufa 

ti&> 

■  Ski 

noa 

6j50 

« 

^sJ^ 

a6oo 

rf?^ 

E 

'tS 

4!™ 

4^3^ 

E 

»6»i> 

i'ja 

.1^ 

«350 

6170 

7(« 

!?5to 

90490 

«s 

ijifc 

^ 

u 

+ 

^  ^ 

5 

^ 

VI        % 

+ 

i  i 

« 

■? 

^'  J 

+ 

+ 

U 

:* 

i. 

" 

''X    " 

^ 

^ 

'« 

4 

^ 

•= 

■s, 

•0 

•q 
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TABLE  XV.— Continued. 

SPABKDIO  DISTAK0E8  IN  AIB,  IH  HIUJ-OENTniBTBEe. 


1 

1 

i 

i^'l- 

J  J 

S    = 

1 

iiS-  ■ 

oi 

.5     - 

1 

D 

T 

J 

3J 

p 

iiil 

St' 

H 
Hi 

i 

ill! 

1 

li 

li 

Q 

<S 

3  ' 

* 

» 

s 

s 

F 

3 

3 

5 

^ 

d 

d 

<} 

a 

d 

3 

3 

5 

•bi. 

eBlc. 

Ob*. 

«I=. 

oIm. 

olc. 

ob>. 

™ic. 

-^ 

<^ 

<.lc. 

~ 

~ 

~ 

~ 

>3 

^ 

o 

1 

S 

H 

y 

s« 

1 

S 

VI 

7i 

11^ 

■3S 

6 

i 

'tS 

■  Ad 

VI 

iBo 

I 

'9° 

190 

>u 

uSi 

aSj 

iSo 

JOS 

3» 

3» 

36s 

3<S7 

jS8 

JB* 

3>J 

'S 

It 

4«° 

4;8 

,fo 

ija 

fej 

+ 

g 

'£ 

1^" 

jSo 

Jl^ 

!b 

W 

So, 

450 

> 

S7° 

6g<. 

a 

&» 

1 

9» 

g 

.Joo 

^ 

i; 

33^ 

15^ 

so 

i£ 

4=9° 

is 

:E 

r 

. 

:^ 

^ 

^ 

a      ^ 

^ 

S 

=■  "^ 

a 

•a 

n     + 

+ 

+ 

8,     + 

'S 

i.     u 

*» 

+ 

2     - 

i 

IT 
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•I 

!b 
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It  will  be  of  interest  now  to  compare  the  results  of  tlie  tests, 
especially  of  the  sparking  distance  in  air,  with  those  found  by 
other  experiments.  In  Table  XV.  I  have  collected  all  the  teste 
which  were  available  to  me,  and  represented  a  part  of  them  in 
Fig.  9 ;  with  a  very  discouraging  result  however,  for  the  values 
found  by  diflEerent  observers  disagree  seriously. 

Conceding  even  a  large  margin  of  uncertainty  for  the  older 
tests,  made  by  electrostatic  machines,  and  leaving  out  of  con- 
sideration those  tests,  where  not  sufficient  explanation  was  given 
to  permit  critical  discussion  of  the  method,  the  discrepancies  are 
still  too  large  to  permit  of  explanation  by  errors  of  observation. 
The  different  curves  differ  considerably  in  shape ;  the  best  and 
most  reliable  values  however  point  fairly  well  to  a  formula : 

S^a  V+IV\ 

The  tests  made  by  Warren  de  la  Rue,  which  were  made  by 
the  chloride-of-silver  battery,  and  hence  are  the  only  continuous 
potential  tests  free  from  the  objection  due  to  the  electrostatic 
machine,  agree  completely  with  this  formula,  over  the  whole 
range  up  to  11,830  volts.  Bourne's  tests  by  means  of  alternating 
potentials,  reaching  up  to  110,000  volts  (?)  agree  fairly  well  also 
over  the  whole  range.  Other  teste  again  show  agreement  with 
a  quadratic  formula  only  within  a  limited  range. 

Most  noticeable,  however,  is  the  wide  disagreement  between 
the  values  of  different  observers,  which  seems  to  show  that  still 
other  factors  besides  the  difference  of  potential  have  a  decisive 
influence  on  the  sparking  distance.  Especially  T  suspect  the 
frequency,  for  the  values  found  with  continuous  potentials  show 
the  smallest,  those  with  alternating  potentials  the  largest  dis- 
tances, so  that  I  almost  believe  that  the  sparking  distance  in 
air  is  larger  with  alternating  than  with  continuous  potentials, 
and  is  the  larger,  the  higher  the  frequency  is.  This  whole  phe- 
nomenon of  disruptive  discharge,  however,  has  been  so  little 
studied,  in  spite  of  the  great  importance  it  begins  to  assume  by 
reason  of  the.  pro.blem  of  long  distance  power  transmission,  that 
a  closer  ipvestigation  of  the  manifold  phenomena  connected 
therewith  is  very  much  to  be  desired. 

Eickemeyer  Laboratory,  December  1892. 
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Discussion. 

Db.  J.  B.  Williams  : — I  am  satisfied  that  the  discrepancies 
referred  to  bj  tlie  author  are  largely  due  to  leaka^  in  the  appa- 
ratus used  by  different  experimenters,  and  that  tne  figures  ob- 
tained by  calculation  cannot  always  be  accepted  as  correct.  Re- 
ferring to  Mr.  Steinmetz's  apparatus,  in  which  parafSued  wood 
is  used,  I  would  say  that  this  material  cannot  be  relied  upon  to 
insulate  currents  of  high  voltage  unless  the  wood  be  absolutely 
clean  and  dry  before  it  is  saturated  with  parafSn,  and  even  then 
it  must  be  used  right  after  the  saturation.  If  wood  or  any 
other  porous  material  is  saturated  with  parafiin,the  wax  rarely,  if 
ever,  solidifies  in  a  solid  form,  but  is  in  itself  porous,  and  in  a 
few  hours  absorbs  moisture.  I  have  demonstrated  this  fact  by 
scores  of  experiments  wherein  dust  and  other  bodies  which  would 
cause  surface  leakage  were  excluded.  In  1886,  when  I  succeeded 
in  making  an  electrometer  the  quadrants  of  which  would  remain 
charged  at  potentials  of  3«K)0  volts  and  upwards  for  hours,  with 
practically  no  leakage,  I  was  astonished  to  find  what  an  amount 
of  leakage  there  was  in  the  materials  ordinarily  used  for  insula- 
ting the  various  parts  of  testing  instruments,  'i'ake,  for  example, 
hard  rubber  (ebonite).  When  this  substance  is  pure^  esj>eciaUy 
made  for  insulutiim,  and'  fresh^  its  resistance  to  leakage,  both 
through  the  mass  and  over  the  surface,  is  very  great.  But  in 
order  that  it  may  retain  its  originrtlly  high  insulating  proi)erties 
it  must  be  kept  scrupulously  clean  and  dry,  and  also  be  kept 
coated  with  a  material  having  at  least  as  high  a  specific  resistance 
as  itself,  which  will  prevent  the  deposition  of  moisture  on  the 
surface;  and  this  coating  must  also  be  kept  clean.  Paraffin 
wax  is  an  example  of  such  a  coating.  I  have  seen  electrostatic 
measuring  instruments,  made  by  European  makers,  in  which 
hard  rubber  was  used  for  insulation,  and  yet,  upon  examination, 
I  saw  that,  owing  to  the  condition,  shape,  and  dimensions  of  the 
hard  rubber,  it  could  not  possibly  fulfill  the  conditions  intended 
by  the  desifi:nei*8. 

The  perfect  insulation  of  any  electrical  apparatus  is  a  very 
important  matter,  and  a  difficult  one  as  well,  as  any  one  may 
ascertain  for  himself  if  he  has  instruments  which  are  suffi^ciently 
delicate  to  detect  changes  in  the  resistance  of  the  dielectric  on, 
say,  six  inches  of  a  highly  insulated  wire,  which  result  from 
changes  of  temperature,  hygroscopic  conditions  of  the  atmo^- 

Shere,  etc.;  and  I  am  fully  persuaded  that  if  those  who  give  us 
gures  representing,  and  formulae  for  determining,  the  voltage 
necessary  to  produce  sparks  of  given  lengths  were  provided  with 
absolutely  insulated  apparatus — by  "  absolutely  insulated  "  I  al- 
ways mean,  unless  otherwise  specified,  insulated  to  such  perfec- 
tion that  no  leakage  can  be  detected  during  the  time  requir- 
ed fo  r  any  one  test,  whether  this  time  be  five  seconds  or  one 
hour,  and  at  the  highest  potential  used  during  the  test — including 
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machinerj  and  testing  appliances,  these  discrepancies  would 
not  occur.  Almost  all  kinds  of  glass,  if  exposed  to  the  air,  are 
practicallj  worthless  for  insulation  when  high  potential  currents 
or  charges  are  used  for  testing  purposes. 

At  me  November  meeting  of  the  Institute  it  was  sufi:gested 
that  the  results  of  the  tests  of  the  insulated  wires  which  were 
sent  to  the  Institute  be  recorded  for  the  use  of  the  members. 
As  the  sizes  of  the  wires  and  thicknesses  of  the  dielectrics  were 
not  uniform,  letters  were  sent  by  the  Secretary  to  manufacturers 
of  first-class  wires  requesting  them  to  send  short  samples  of  their  heat 
wires  of  a  specified  size  and  thickness  of  dielectric.  All  but  four 
complied.  Of  the  four  kinds  that  were  lacking  I  found  one  on 
sale  and  obtained  it.  These  wires  are  to  be  tested  at  a  potential 
of  over  3,000  volts  ;  and  I  invite  any  and  all  who  would  like  to 
assist  me  or  to  witness  the  tests — which  will  probably  occupy  the 
afternoons  of  3  or  4  days— to  do  so  at  my  oflSce  at  No.  44  Broad- 
way, Koom  518.  Notice  of  the  dates  of  the  tests  will  be  given  by 
mail.  As  the  wires  will  be  tested  in  short  lengths  I  will  make  a 
large  absolutely  insulated  air  condenser  which  will  not  only  have 
a  much  greater  capacity  than  that  of  the  wires,  but  will  also  serve 
to  nullifv  any  effects  which  might  be  due  to  differences  in  the 
specific  inductive  capacity  of  dielectrics  of  such  short  lengths. 

I  would  add  that  I  expect  to  soon  commence  a  long  series  of 
tests  upon  all  kinds  of  insulating  material  including  insulated 
wires.  The  currents  to  be  used  in  these  tests  will  be  alternating, 
and  the  periods  per  second,  voltage,  etc.,  can  be  varied  as  desired. 
Every  portion  oi  the  apparatus  used  will  have  absolute  insulation 
whenever  necessary.  Some  of  these  tests  I  propose  to  exhibit 
before  the  Institute. 

Prof.  Francis  B.  Crocker  : — This  paper  of  Mr.  Steiumetz  is 
especially  interesting  to  me,  as  it  relates  to  a  subject  that  I  have 
already  done  considerable  work  upon  and  intend  to  follow  still 
further.  At  the  December  meeting  of  the  Institute  when  this 
subject  was  discussed  in  a  general  way,  I  then  stated  that  it  was 
important  to  have  insulation  tests  made  with  a  proper  source  nf 
current.  Mr.  Steinmetz  agreed  with  me  entirely  at  that  time. 
The  insulation  we  require  in  electrical  engineering  is  not  for  an 
electrostatic  charge  from  a  Leyden  lar  or  anythinir  of  that  kind. 
What  we  need  is  insulation  which  will  stand  direct  or  alternating 
cwrrents  of  high  potential  and  consequently  to  be  reliable,  the  tests 
ahould-be  made  with  some  precisely  similar  source  of  current. 
If  we  can  get  reliable  data,  the  calculation  of  the  thickness  of  in- 
sulation required  in  any  given  case  will  be  as  definite  as  that  of 
the  size  of  the  conductor,  and  it  would  be  as  important  an  ele- 
ment in  the  designing  of  a  dynamo  as  any  other.  It  would  be  a 
very  desirable  state  of  affairs  if  we  could  be  reasonably  sure  of 
accurate  results  in  the  calculation  of  the  disruptive  strength  of 
insulation.  In  testing  insulating  materials,  the  alternating  cur- 
rent is,  of  course,  better  than  the  electrostatic  charge  because  of 
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the  poioer  behind  it,  but  differences  will  be  found  in  testing  with 
alternating  currents  due  to  different  frequencies.  The  form  of 
the  alternating  current  wave  would  probably  also  affect  the  re- 
i^ults.  A  perfectly  smooth  current  ware  might  be  a  less  severe 
test  than  a  sharp  one  or  vice  versa.  The  alternating  is  a  peculiar 
current,  it  is  a  special  case.  The  current  which  I  have  been  working 
with  is  a  steady,  direct  current  of  high  potential.  It  seems  to  me 
that  this  gives  the  most  perfect  conditions.  If,  however,  insu- 
lation is  to  be  used  for  alternating  current  apparatus  then  of 
course  the  test  should  be  made  with  alternating  currents.  I 
have  been  using  for  some  time  a  direct  current  dynamo  of  5^000 
volts  >.  M.  F.,  and  have  just  constructed  one  of  10,000  volts 
In  the  5,00o  volt  machine  the  remarkable  fact  is  that  there  are 
but  i^'l  commutator  bars  in  all.  I  have  run  this  machine  up  to 
5,500  volts  for  an  hour  or  more  at  a  time  without  any  trouole. 
I  have  measured  500  volts  between  two  adjacent  commutator 
bars  at  the  point  of  maximum  w  d.  (half  way  between  the  two 
brushes.)  Ihe  disc^repancies  between  different  experimenters  re- 
ferred to  by  Mr.  Steinnietz,  can  be  explained  as  Dr.  Williams 
suggests,  as  being  due  to  leakage,  the  tests  having  been  made 
with  electrostatic  apparatus  at  a  time  when  the  art  of  insulation 
w^as  very  crude. 

Dr.  Williams  : — If  a  dielectric  will  leak  at  a  certain  potential 
when  subjected  to  an  electrostatic  stress,  it  will  also  leak  when 
subjected  tj>  the  action  of  a  steady  current  having  the  same 
j)otential. — ^^This  is  an  unscientific  way  of  stating  the  case,  but 
what  I  mean  is  this  : — If  we  find  that  any  dielectric  will  allow 
excessive  leakage  through  itself  of  the  small  charge  which  is  on 
the  <]uadrants  and  a  few  inches  of  wire,  why  8ul>ject  the  same 
to  the  action  of  a  steady  current  having  the  same  potential  as 
that  of  the  charge?  W^eknow  that  it  will  break  down  if  the 
current  is  continued  long  enough,  because  work  is  done  on  the 
material  of  the  dielectric  by  the  current.  P]lectrostatic  tests  are 
simple  and  quickly  performed,  and  a  few  inches  of  an  insulated 
wire  or  a  thin  sheet  of  insulating  material  having  a  small  area 
will  suffice  for  the  tests.  If  we  test  anv  dielectric  by  the  elec- 
trostatic  method  and  find  that  its  specific  resistance  is  low,  we 
know  that  any  wire  insulated  with  the  same  material  and  convey- 
ing a  direct  current  of  the  same  voltage  as  that  used  during  the 
tests  woiiUl  be  dangerous.  If  the  wire  should  suddenly  become 
ruptured  at  a  point  distant  from  the  generator,  and  the  same 
amount  of  dielectric  surface  that  was  used  during  the  tests  could 
come  in  contact  with  a  grounded  body,  the  tliickness  of  the 
dielectric  on  the  wire  being  substantially  that  of  the  specimen 
tested.  Conversely,  we  would  be  justified  in  using  any  suitable 
material  for  insulating  wires  if  electrostatic  tests  showed  that 
the  material  possessed  a  high  specific  resistance.  Furthermore 
this  method  of  testing  will  enable  us  to  (juickly  and  accurately 
compare  the  specific  resistances  of  any  two  or  more  kinds  of  in- 
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aulating  material;  and  by  using  an  absolutely  insulated  condenser 
of  known  capacity  we  can  also  determine  the  absolute  resistance 
of  any  specinien  of  insulating  material. 

Prof.  Crocker: — An  electrostatic  pressure  of  1000  voltsmight 
not  break  down  a  dielectric  that  a  600  volt  current  would  break 
down.  But  that  is  rather  a  negative  method ;  we  should  deter- 
mine exactly  what  voltage  the  insulation  will  stand  under  work- 
ing conditions.  Furthermore,  Dr.  Williams's  results  do  not  rep- 
resent an  actual  breaking  down,  but  a  leakage.  Mr.  Steinmetz^s 
results  are  for  an  actual  breaking  down.  Electrostatic  charges 
may  leak  through,  but  may  not  be  suflScient  to  break  down  tlie 
insulation.  It  tests  the  insulation,  but  not  the  disruptive  strength. 
In  dynamo  or  transformer  construction  we  should  know  the  point 
at  which  the  insulation  actually  breaks  down. 

Mr.  Hering  : — On  page  72  Mr.  Steinmetz  estimates  the  voltage 
of  a  stroke  of  lightning  one  mile  long  at  11,000,000  volts.  It 
may  be  of  interest  to  note  that  Prof.  Lodge  in  his  book  gives  it 
as  5,000,000,000  volts. 

The  Chairman  announced  that  since  the  annual  meeting  of  the 
Institute,  three  honorary  members  had  passed  away,  Cyrus  W. 
Field,  Dr.  Werner  Von  Siemens  and  Dr.  Norvin  Green,  who 
was  the  first  President  of  the  Institute,  and  also  served  a  second 
term.  It  was  now  his  sad  duty  to  announce  the  death  of  George 
B  Prescott,  Jr.,  a  member  of  the  Committee  on  Membership, 
and  of  the  Committee  on  Units  and  Standards.  The  Secretary 
had  also  received  notice  of  the  death  of  James  P.  Abemethy, 
who  had  been  a  member  of  the  Institute  since  July  7,  1884, 
The  Council  had  instructed  the  Secretary  to  arrange  for  the  pub- 
lication in  the  Transactions,  of  appropriate  memoirs  of  the  de- 
ceased members. 

Adjourned. 

[Communicated  after  adjournment  by  Professor  Alexander. 

Macfarlane.] 

I  have  read  with  interest  the  valuable  paper  of  Mr.  Steinmetz 
on  Disruptive  Discharge  througli  Dielectrics,  more  especially  be- 
cause I  am  the  author  of  the  investigation  quoted  in  Table  XV 
as  taken  from  Mascart  and  Joubert's  Electneity  and  Magnetism^ 
vol.  ii.,  p.  196.  The  work  mentioned  refers  to  only  a  few  of 
the  results  which  I  obtained  The  full  record  is  contained  in 
vols,  xxviii.  and  xxix.  of  Transactions  of  the  Royal  Society 
of  Edinburgh^  and  a  summarv  of  the  results  was  published 
in  the  Philosophical  Magazine  for  December,  1880. 

I  used  a  Holtz  machine  and  a  Thomson  divided-ring  electrom- 
eter, but  the  pole  of  the  lioltz  machine  and  the  half-ring  of 
the  electrometer  were  not  connected  directly ;  they  were  each 
joined  to  an  insulated  ball,  and  these  insulated  balls  were  placed 
far  from  other  conductors  and  at  some  distance  from  one  another. 
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It  was  not  difficnit  to  tell  when  electricity  escaped  into  the 
air,  and  onr  readings  were  taken  when  there  was  no  such 
escape. 

For  liquid  dielectrics  I  found  the  same  result  as  that  obtained 
by  Mr.  Steintnetz — the  difference  of  potential  is  proportional  to 
t&e  distance  between  the  plate-electrodes.  I  found  this  resnit 
for  oil  of  turpentine,  para£5n  oil,  liquefied  paraffin,  olive  oil,  and 
oolza  oil.  This  was  observed  up  to  a  distance  of  4  or  5  mm. 
I  also  made  one  observation  for  the  above  paraffin  in  the  solid 
state.  A  comparison  of  the  results  with  those  of  Mr.  Steinmetz 
shows  that  the  one  method  confirms  the  other. 
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By  taking  sparks  through  different  gases  between  two  parallel 
plates  10  cm.  in  diameter  and  5  mm.  apart,  I  found  the  follow- 
ing gradients : 

Electkostatic  Gradient  in  Kilovolts  per  cm. 


Air, 

23.8. 

Carbonic  acid, 

22.7. 

Oxygen, 

22.2. 

Hydrogen, 

15.1. 

Coal  gas,      - 

22.3. 

In  the  first  of  my  papers  published  in  the  Transactions  of  the 
Hayal  Socitiy  of  Kihnhvvfjli^  will  be  found  an  investigation  of 
the  connection  between  the  difference  of  j)otential  required  to 
pass  a  spark  tlirougli  air  and  through  liydrogen,  and  the  pressure 
of  the  gas,  from  tlie  pressure  of  the  atmosphere  down  to  the 
lowest  tliat  can  be  readily  obtained  by  an  ordinary  air-pump.  I 
found  for  air 


F=  13.7   v']>^+  202.9^} 


and  for  hydrogen 


V  =  7.2   |/"ji>^  +  C00^>} 


1.  Report  of  British  Associntiou  for  IbSl. 
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where  Fie  expressed  in  volte,  and^  in  millimetres  of  mercnrv. 
Messrs.  De  La  Rne  and  Muller  afterwards  found  the  same  result 
for  air  by  their  battery  inethod,  and  Maseart  says:  "Experiments 
agree  in  showing  that  the  law  of  variation  is  very  closely  repre- 
sented by  the  branch  of  a  hyperbola,  the  real  axis  corresponding 
to  the  pressures,  and  the  imaginary  axis  to  differences  of  poten- 
tial." 

The  above  codiparisons  give  evidence  of  satisfactory  agree- 
ment, how  then  are  we  to  account  for  the  wide  disagreement 
of  the  results  bro..^bt  together  by  Mr.  Steinmetz  in  T able  XV 
under  the  heading,  "  Sparking  Distance  in  Air?  "  He  remarks, 
*'Most  noticeable,  however,  is  the  wide  disagreement  between 
the  values  of  different  observers,  which  seems  to  show  that  still 
other  factors  besides  the  difference  of  potential  have  a  decisive 
influence  on  the  sparking  distance."  Mr.  Steinmetz  suspects  the 
frequency,  but  it  is  well  known  that  the  form  of  the  two  con- 
ductors is  an  all-important  factor.  The  distribution  of  the  elec- 
tricitv  on  the  conductors  depends  on  their  form.  With  two 
parallel  disks  at  a  distance  apart  which  is  small  compared  with 
their  diameter,  we  have  a  uniform  distribution  of  electricity  on 
the  inner  surface  of  the  disks,  and  the  equipotential  surfaces  be- 
tween the  disks  ought  to  be  planes  parallel  to  the  disks  and  equi- 
distant from  each  other.  But  if  the  two  conductors  are  balls,  or 
a  ball  and  a  disk,  the  distribution  of  the  electricity  on  the  oppo- 
site surfaces  is  very  complex,  and  the  determination  of  the  equi- 
potential surfaces  between  is  not  a  simple  matter..  Hence  a  strict 
comparison  is  possible  only  when  the  sparks  parsed  through  a 
uniform  field.  The  results  of  Sir  Wm.  Thomson  quoted  in 
Table  XV  were  for  a  uniform  field,  the  plates  being  15  cm.  in 
diameter  and  the  greatest  distance  1.5  mm.,  a  ratio  of  100  to  1.  I 
used  similar  disks  10  cm.  in  diameter,  and  I  observed  that  the 
spark  passed  through  the  uniform  part  of  the  field  until  the  dis- 
tance of  the  disks  was  increased  to  1  cm.  I  did  not  continue  the 
readings  further,  though  the  method  permitted  the  observation 
of  higher  potentials,  because  the  spark  then  passed  under  differ- 
ent conditions.  The  disks  used  by  Mr.  Steinmetz  were  5  cm.  in 
diameter,  and  the  greatest  distance  for  which  an  observation  was 
made  was  2.2  cm.  A  calculation  is  made  for  distances  up  to  25 
cm. ;  but  it  appears  to  me  to  be  unwarranted  to  extend  an  empir- 
ical formula  so  fnr  beyond  the  limit  of  observation.  At  the 
greatest  observed  distance  the  ratio  of  the  diameter  of  the  disk 
to  the  distance  between  the  disks  was  2.3  to  1  :  at  our  limit  it 
was  10  to  1.  Hence  the  observations  of  Mr.  Steinmetz  were  car- 
ried far  beyond  the  region  of  unifonnity,  and  the  investigation 
really  applies  to  a  very  complex  field  in  which  the  electrostatic 
force  ought  not  to  be  constant.  It  is  mere  nearly  akin  to  the 
case  of  the  two  balls  than  to  the  case  of  the  two  plates.  The 
conditions  of  the  investigation  of  Alexander  Siemens  and  of 
Bourne  up  to  .6  cm.  satisfy  approximately  the  conditions  of  uni- 
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fonnity,  and  1  observe  that  their  measurements  agree  better  with 
mine. 

I  also  investigated  the  case  where  the  conductors  were  two 
balls,  and  as  early  as  1876  {Proc,  It.  S.  £,,  vol.  ix,  p.  332)  showed 
that  the  difference  of  potential  is  approximately  proportional  to 
the  square  root  of  the  distance.  I  subsequently  carried  the 
measurements  up  to  a  distance  of  15  cm.,  and  found  that  for  the 
greater  distances  the  curve  tends  to  flatten  to  a  straight  line. 
The  curve  for  a  ball  and  a  plate,  when  the  distwice  is  extended 
is  not  very  different.  In  the  case  of  a  point  and  a  plate  the  para- 
bolic part  is  soon  completed,  and  the  curve  becomes  straight. 
At  the  page  quoted  in  Mascart  &  Joubert's  ''Electricity"  it  is  dis- 
tinctly stated  that  I  found  a  different  result  for  a  ball  and  a  disk 
and  for  two  balls,  namely  a  parabola,  while  the  hyperbola  was  true 
only  of  the  uniform  field  between  two  plates. 

Among  additional  results  which  I  found  were,  that  the  capacity 
of  the  conductor  has  little  or  no  effect  on  the  difference  of  poten- 
tial required  for  a  spark  ;  that  heating  a  platinum  wire  electrode 
red-hot  diminished  the  difference  of  potential  in  the  ratio  of  93 
to  125  ;  that  heating  the  air  and  disks  from  25°  C  to  250°  0  re- 
duced the  difference  of  potential  to  about  one-half ;  that  in  the 
case  of  a  point  and  a  plate,  the  difference  of  potential  is  greater 
for  the  point  being  positive  than  for  being  negative ;  and  that 
the  difference  of  benavior  of  the  gaseous  dielectric  from  the 
liquid  dielectric  in  the  uniform  field  appeared  to  be  due  to  their 
great  difference  in  density. 

University  of  Texas, 

Austin,  Tex.,  March  1st,  1893. 


[Reply  to  Discussion,  Communicated  after  Adjournment  by 
Mr.  Charles  P.  Steinmetz.] 

Having  been  absent  during  the  presentation  of  my  paper  to 
the  Institute,  I  am  permitted  to  add  a  few  remarks  to  the  discus- 
sion in  writing. 

The  results  of  Dr.  J.  B.  Williams  researches  are  of  high  inter- 
est undoubtedly,  but  they  deal  with  a  distinctly  different  property 
of  dielectrics,  with  their  electric  resistance,  which,  as  I  have 
shown  in  Table  XIV,  has  nothing  whatever  to  do  with  the  dis- 
ruptive strength  tested  by  me. 

Leakage  may  have  something  to  do  with  the  discrepancies 
of  tests  made  by  electrostatic  machines,  but  it  has  no  influence 
upon  my  tests  or  the  other  tests  made  with  "  power  behind  the 
potential,"  since  it  is  the  very  advantage  of  such  tests,  that  they 
are  independent  of  the  necessity  of  *'  absolute  insulation,"  be- 
cause the  engine  behind  the  transformer  is  fully  capable  of  cover- 
ing all  the  losses  of  electricity  due  to  leakage,  and  some  thousand 
times  more,  and  still  to  keep  the  potential  difference  constant  at 
the  electrodes.     Hence  it  is  of  no  importance  whether  the  par- 
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affined  wood  afforded  absolute  insulation  or  nof,  since  it  insulated 
sufficiently  not  to  short-circuit  the  secondary. 

If  I  haa  intended  to  measure  the  electric  resistance  of  the  die- 
lectric, it  would  indeed  have  been  necessary  to  have  perfect  insu- 
lation; for  break-down  tests,  however,  it  does  not  matter  whether 
some  micro-amperes  leak  through  here  and  there. 

I  also  beg  to  disagree  with  Dr.  Williams's  statement,  that  an  in- 
sulation is  worthless  if  it  lets  an  electrostatic  charge  escape,  be- 
cause work  is  done  upon  the  dielectric,  and  it,  therefore,  must 
break  down  ultimately. 

The  electrostatic  charge  represents  such  an  infinitely  small 
amount  of  energy,  that  it  may  leak  through  the  dielectric  m  prac- 
tically no  time,  and  still  do  no  harm,  for  lack  of  energy.  Dr. 
Williams  leaves  out  of  consideration  here,  that  besides  the  work 
done  upon  the  dielectric  by  the  leakage  current,  at  least  under  al- 
ternating stress,  a  very  much  greater  amount  of  work  is  done 
upon  the  dielectric,  outside  of  all  leakage,  by  what  I  call  dieleo- 
trie  ht/j'teresis^  a  kind  of  molecular  friction  in  the  dielectric  under 
changing  electrostatic  stress,  analogous  to  magnetic  hysteresis. 

The  enect  of  dielectric  hysteresis  upon  the  insulation  no  elec- 
trostatic tests  show,  and  therefore  electrostatic  tests  can  not  give 
08  results  reliable  for  alternate  current  practice. 

Take  for  instance  a  long  concentric  cable,  conveying  alternat- 
ing currents  of  say  10,000  volts.  Perhaps  1,000,  or  even  2,000 
watts  are  continuously  exerted  upon  the  insulation  by  dielectric 
hysteresis.  This  cable  will  certainly  not  break  down  sooner,  if 
besides  the  2,000  watts  lost  by  dielectric  hysteresis  10,  or  20  watts 
leak  through  the  insulation.  Now  suppose  you  replace  the  insu- 
lating material  of  this  cable  by  a  dielectric  of  much  inferior  insu- 
lating resistance,  but  of  very  small  dielectric  hysteresis,  as  oil. 
An  electrostatic  charge  will  disappear  almost  instantly,  and  per- 
haps some  hundred  watts  leakage  cnrrent  act  destructively  upon 
the  dielectric.  But  if  the  dielectric  hysteresis  of  this  cable  is 
very  low,  the  total  amount  of  energy  exerted  upon  the  dielectric 
will  be  much  less  than  in  the  first  cable,  and  while  electrostatic 
tests  show  in  the  first  cable  an  almost  absolute  insu'ation,  and 
show  the  second  cable  as  "  worthless,"  still  in  practice  the  first 
cable  will  break  down  very  soon,  the  second  stand  for  years  and 
years. 

Hence  : — Leakage  through  the  insulation  is  not  the  only  work 
done  upon  the  dielectric,  and  in  an  inferior  insulating  material 
not  even  the  greatest,  but  more  work  may  be  expended  by  dielec- 
tric hysteresis,  and  though  air  is  much  superior  to  oil  in  insular 
ting  resistance,  it  is  very  much  inferior  to  oil  in  dielectric  hys- 
teresis, and  in  disruptive  strength;  and,  therefore,  air  cannot 
compete  with  oil  as  high  potential  insulation. 

Of  all  tliis,  electrostatic  tests  show  nothing,  but  give  only  one 
quality,  and  not  the  most  important  one  either. 

The  insolation  of  my  transformer  was  very  fair,  the  wood 
boiled  in  paraflBn,  nntil  all  the  moisture  was  expelled,  and  cooled 
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in  the  paraffia  until  it  began  to  solidify,  so  that  the  pores  were 
eompletelj  filled,  and  the  wood  at  the  outside  covered  with  a 
layer  of  paraffin.  In  consequence  thereof,  nothing  was  noticeable 
wnen  touching  one  terminal.  If,  however,  the  connecting  wires 
1)etween  transformer  and  electrodes  were  laid  on  the  table,  from 
either  electrode  small  sparks  could  be  drawn  by  the  finger.  But 
•till  the  results  were  exactly  the  same,  as  was  to  be  expected. 

Now  with  regard  to  the  discrepancies  noted  with  air  in  Table 
XV,  I  entirely  agree  with  Prof.  A.  Macfarlane,  that  the  shape  of 
the  electrodes  has  a  considerable  influence,  especially  in  a  certain 
lange,  and  have  therefore  excluded  all  the  tests  with  pointed 
electrodes,  and  brought  only  some  tests  with  balls  as  electrodes, 
without  laying  great  stress  upon  them.  I  cannot,  however,  accept 
the  influence  ox  the  shape  of  electrodes  as  explanation  of  the 
discrepancies,  because  in  this  case  the  differences  should  be  greater 
lor  greater  sparking  distances,  and  the  different  curves  converge 
toward  each  other  at  small  sparking  distances,  while  rather  the 
apposite  is  the  case. 

Calculating  the  curves  of  electrostatic  force  between  the  elec 
trodes  shows,  that  even  if  the  distances  of  the  plates  is  equal  to 
their  radius,  the  distortion  of  the  field  is  not  yet  so  great,  and  in 
agreement  herewith  I  found  that  even  at  a  sparking  distance  of 
2.2  cm.  the  disruptive  discharge  took  place  about  as  often  near 
the  centre  of  the  plates  as  at  their  cages,  so  that  this  can  not 
account  for  the  discrepancies,  which  amount  to  over  100  per 
cent,  between  the  different  observers.  Besides,  if  we  cancel  the 
tests  made  at  greater  sparking  distances,  the  tests  up  to  F—  10,000 
volts  alone,  already  give  the  parabolic  curve. 

The  agreement  found  with  liquid  dielectrics — which  are  known 
to  have  a  very  small  dielectric  hysteresis, — and  the  disagreement 
•f  the  tests  made  with  air — which  has  a  very  large  dielectric 
hysteresis — rather  point  to  an  influence  of  dielectric  hysteresis  upon 
tiie  sparking  distance,  and  once  more  make  the  application  of 
tests  made  under  conditions  where  dielectric  hystersis  is  absent, 
upon  the  alternating  practice  of  suspicious  value. 

The  values  calculated  from  Prof.  Macfarlane's  formula  agree 
with  the  parabolic  formula  also, 

a=  19.1  V+  1.13  V^ 

with  anaveage  difference  of  .011  cm.,  or  about  4  per  cent. 

With  regard  to  the  extrapolations  from  my  empirical  formula, 
they  certainly  claim  no  reliability  whatever,  an  empirical  formula 
being  reliable  only  within  the  range  covered  by  the  tests  I  have 
given  the  potential  calculated  for  a  lightning  stroke  merely  as  a 
euriosity,  of  interest  only  in  so  far  as  it  gives  a  very  unuch  lower 
value  than  former  extrapolations  of  this  kind,  and  therefore  is 
perhaps  somewhat  nearer  the  trutli  than  the  former  values,  of 
5,000,000,000  volts,  etc.  It  is  of  interest,  however,  to  note,  that  in 
the  E.  Thomson  high-frequency  transformer  a  sparking  distance 
•f  about  2  metres  has  been  reached,  which  according  to  mj 
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formala  would  correspond  to  about  400,000  volts,  while  from  the 
ratio  of  transformation  the  e.  m.  f.  has  been  estimated  to  about 
half  a  million  volts. 

Furthermore,  comparative   tests  of  the  sparking  distance  in 
air  and  in  oil  (A.  A.  Campbell,  London  ^lectriciar^  gave : 

2    inch  oil  equivalent  7.875  inch  air. 
li    «      "  "  5.125     "     '' 

1       «     "  "  2.75       "     " 

extrapolating  for  air  by  means  of  the  parabolic  formula,  gives  for 
oil: 


V. 

in  kilovolts. 

in  milli- 
centimestres 

in  kilovolts  p.  cm. 

io8 
83 
56 

5080 
3810 

a540 

■1.3 

31.8 

aa.o 

that  is,  the  sparking  distance  in  oil  is  nearly  proportional  to  the 
potential,  a  result  wnich  is  in  agreement  with  tests  made  at  lower 
potential  difierence,  and  thereby  confirms  the  parabolic  air- 
formula  to  a  certain  extent. 


[Remarks  by  Dr.  J.  B.  Wilu ams,  at  Meeting  of  March  2 1 ,  1893.] 

Dr.  Williams  : — Mr.  President :  Before  the  meeting  closes  I 
would  like  to  say  a  word  or  two  ;  for  it  is  evident  that  I  have 
been  misunderstood — probably  from  not  having  been  suflSciently 
explicit — ^both  to  my  remarks  on  electrostatic  testing,  at  the  last 
meeting,  and  to  the  statements  made  in  my  paper  on  ''  Oil  vs.  Air 
as  an  Insulating  Medium,"  which  was  read  at  the  general  meeting 
June  8th,  1892. 

At  the  commencement  of  my  paper,  (p.  601  of  the  Transac- 
tions) I  say,  "  The  relative  powers  of  the  oils  and  air  to  resist  dis- 
ruptive discharges,  and  also  to  insulate  alternating  currents,  will 
not  be  considered  at  this  time,  as  the  writer  proposes  to  reserve 
those  subject  for  a  future  paper." 

Thus  it  will  be  seen  that  my  statements  were  made  with  refer- 
ence to  direct  currents  only. 

During  the  discussion  at  the  February  meeting,  as  I  began  by 
referring  to  direct  currents,  I  supposed  that  it  would  be  under- 
stood that  my  remarks  would  be  confined  to  the  consideration  of 
electrostatic  tests,  with  respect  to  direct  currents.  I  should  not 
like  to  be  placed  on  record  as  one  who  does  not  know  the  differ- 
ence between  the  values  of  the  oils  and  the  air  as  insulators  for 
alternating  currents ;.  nor  as  one  who  claims  that  the  electrostatic 
tests  heretofore  exhibited  or  described  are  suitable  for  insulated 
conductors,  intended  to  convey  alternating  currents. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 

New  York,  March  2lBt,  1893. 

The  seventy-fifth  meeting  of  the  Institute  was  held  this  date  at 
12  West  Thirty-first  Street,  and  was  called  to  order  at  8.30  P.M., 
by  President  Frank  J.  Sprague. 

The  Secretary — At  the  dinner  of  the  Institute,  which  took 
place  last  May,  on  the  occasion  of  the  Annual  Meeting,  it  was 
voted  that  an  annual  dinner  be  made  a  regular  feature  of  the 
Institute,  and  in  accordance  with  that  voted  the  Council  has  to- 
day appointed  Messrs.  Phelps,  Hamilton  and  Pickernell  as  a  com- 
mittee on  the  dinner  to  take  place  on  the  occasion  of  the  Annual 
Meeting  May  16th. 

At  the  Council  Meeting  this  afternoon  the  following  Associate 
Members  were  elected : 


Name.  Address. 

Butler,  William  C.       Monte  Cristo  Mining  Co., 

Everett,  Washington. 

Chism,  George  F.  Standard  Engineering  Company  of 

North   America,   92   State  Street, 
Albany,  N.  Y. 

Ely,  Wm  Grosvenor,  Jr.,  Edison    General     Electric    Co., 

226  Union  St.. 
Schenectady,  N.  Y. 

GOLDSBOROUGH,  WiNDER  E.     Adjunct  Professor  of  Electrical 

Engineering,   Arkansas  Industrial 
University,  Fayetteville,  Ark. 

Hartman,  Herbert  T.  Assistant   Engineer,  Canadian  Gen- 
eral Electric  Co.,  69   Front   St., 


Heath,  Harry  E. 


Kbilhultz,  p.  O., 


Mackib,  C.  p. 


Endorsed  by 

Leo  Daft. 

Chas.  H.  Davis. 

John  W.  Howell. 

T.  D.  Lockwood. 
V.  M.  Berthold. 
I.  H.  Famham. 

Frederick  Bedell. 

Edw.  L.  Nichols. 

Ernest  Merritt. 

Harris  J.  Ryan. 

E.  L.  Nichols. 

Harold  B.  Smith. 

J.  H   Vail. 
Chas.  Hewitt. 
A.  E.  Winchester. 

H.  S.  Rodgers. 


Toronto,  Ont. 

Chief  Draughtsman,    Eddy  Electric 
Mfg.    Co.,    Box    189,     Windsor,  Wm.  R.  C.  Corson. 
Conn.  Ralph  W.  Pope. 

Superintendent.  Cary  T.  Hutchinson. 

U.  S.  Electric  Lighting  Co.,  T.  C.  Martin. 

Baltimore,  Md.        Joseph  Wetzler. 

Manager,   Electric  Selector  and  Sig-  H.L.Webb, 

nal  Co.,  45  Broadway,    New  York        Joseph  Wetzler. 
City.  T.  C.  Manin. 
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McCluer,  C.  E.  Superintendent,   First  District.  So.      G.  A.  Hamilton. 

Bell  Telephone  and  Telegraph  Co.,      F.  A.  Pickemell. 
Richmond,  Va.  Thos.  D.  Lockwood. 

MoTTRAM,  William  T,  M.     Electrical   Engineer,    New    Or-    Wm.  J.  Hammer. 

leans  Traction  Co.,  102  Canal  St.,    Francis  R.  Upton. 
New  Orleans,  I^.  Oscar  T.  Crosby. 

President,  The  A.  C.  Robertson  M.  J.  Wightman, 
Co.,  Electrical  Engineers  and  Con-  H.  Bergholtz. 

tractors,  Wilkesbarre,  Pa. 

Assistant  in  Mechanical  Department, 
American  Bell  Telephone  Co.,  2 
Craigie  St.,  Cambridge,  Mass.      Thos   D.  Lockwood. 

Professor  of  Electrical  Engineering,  Geo.  A.  Hamilton. 
University  of  Vermont,  Burling-  Geo.  M.  Phelps, 
ton,  Vt.  F.  A.  Pickemell. 

604  West  46th  Street,  Town&end  Wolcott. 

New  York  City.       A.  A.  Knudson. 

Jas.  B.  Williams. 


ROBSRTSON,  A.  C. 


Spencer,  Theodore 


Storrs,  H.  a. 


Ralph  W,  Pope. 

John  C.  Lee. 
H.  V.  Hayes. 


Zimmerman,  L.  J. 
ToUl.  14. 


Transferred  from  associate  to  full  membership. 


Perry,  Nelson  W. 
gutmann,  ludwig 

Total,  2. 


Editor  Electrical  IVorld,  New  York  City. 
Electrical  Engineer,  Cleveland,  Ohio. 


REPORT  OF  MEETING  OF  BOARD  OF  EXAMINERS. 

March  15TH,  1893. 

Present — Messrs.    W.  B.  Vansize,    Chairman^    E.  T.  Birdsall,  G.  A.  Hamilton 

C.  O.  Mailloux  and  E.  P.  Thompson. 
R.  W.  Pope,  Secretary,  present  ex  officio. 


Approved. 

Disapproved. 

1 

l4iid  over  for 

Further 
Consideration. 

Total 
Considefed. 

Applications  for 

Transfer 
Re-considered. 

9 

1 

11 

New  Applications  for 

Transfer 

Considered. 

4 

5 

4 

13 

Totals, 

18 

6 

5 

24 

The  President: — I  take  pleasure  in  announcing  that  the 
paper  of  the  evening  is  by  Dr.  Charles  E.  Emery  on  ''  The  Cost 
of  Steam  Power  produced  with  Engines  of  different  types  under 
Practical  Conditions ;  with  Supplement  relating  to  Water 
Power."  Dr.  Emery  needs  no  introduction  to  his  associates; 
he  has  been  for  a  long  time  one  of  the  leading  members  of  the 
American  Society  of  Mechanical  Engineers,  and  a  Vice-President, 
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and  is  one  of  the  best  known  steam  experts  in  the  United  States. 
That  he  should  after  going  through  the  ordeal  of  attaining  that 
enviable  position,  have  taken  up  electrical  studies  and  become  a 
member  of  the  Institute  is,  I  think,  a  matter  for  congratulation. 
The  paper  which  he  will  read  to-night  is  on  a  subject  elaborated 
some  years  ago  by  him  in  a  paper  of  now  international  impo^ 
tance.  I  am  sure  that  those  wno  hear  it  will  be  fully  impressed 
with  the  results  at  which  Dr.  Emery  has  arrived. 
[Dr.  Emery  then  read  the  following  paper  : 


A  ^m^*r  pr9»€nttd  at  ikt  Stvtniy-Ji/ik  MtHing  0/ 
th»  A  m$9rica  m  Inttitutt  0/EUciricmi  Engiiu€r»^ 
Ntm  Y^rh^  March  af ,  1893,  Prtsident  Spragnt 
in  the  Chair. 


THE  COST  OF  STEAM  POWER  PRODUCED  WITH 
ENGINES  OF  DIFFERENT  TYPES  UNDER  PRAC- 
TICAL  CONDITIONS;  WITH  SUPPLEMENT  RE- 
LATINO  TO  WATER  POWER. 


BV  OHAS.  E.  EMERY,  PH.  D. 


1.  The  paper  of  the  writer  on  "  The  Cost  of  Steam  Power," 
published  in  vol.  xii,  Trans.  Am,  Soc.  C.  E,y  November,  1883, 
Beemed  to  supply  information  desired  on  the  general  subject  by 
many  engineers  not  practicing  in  that  branch  of  the  profession, 
and  the  writer  has  often  been  urged  to  modify  the  paper  to  suit 
more  recent  conditions.  On  investigation  it  appears  that  the 
original  paper  is  still  substantially  correct  for  the  particular  pur- 
poses to  which  it  was  originally  applied.  It  was  designed  to 
show  the  capitalized  or  present  value  of  steam  power  in  different 
units  maintained  forever.  The  cost  of  the  power  in  pounds  of 
coal  was  for  the  larger  engines  based  on  testimony  taken  relative 
to  large  sized  condensing  engines  operating  regularly  at  Fall 
River,  Mass.  This  was  distributed  by  judgment  to  the  amount  of 
water  evaporated  in  the  boilers  per  pound  of  coal  and  required 
by  the  engines  per  horse  power,  but  such  distribution  evidently 
did  not  affect  the  iinal  results.  The  prices  of  engines  and  boilers 
employed  were  higher  than  the  ruling  prices  to-day,  but  these 
form  a  small  percentage  of  the  total  capitalized  values.  The 
price  of  coal  employed  was  also  higher  than  the  ruling  prices  in 
many  localities  at  present,  which  directly  affects  the  results,  but 
it  is  evidently  impossible  to  assume  any  price  for  coal  which  will 
apply  to  all  locations.  For  these  reasons  it  is  believed  that  the 
table  can  still  be  employed  with  advantage  by  any  one  suffi- 
ciently familiar  with  the  subject  to  make  the  neccgsary  correc- 
tions for  different  conditions. 
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2.  It  has  been  decided  at  the  present  time,  instead  of  revising 
the  former  tables,  to  compare  the  cost  of  developing  a  given 
amount  of  power  with  several  of  the  diflEerent  kinds  of  steam  en- 
gines now  in  general  use.  A  unit  of  500  net  horse-power  has 
been  selected  for  the  purpose,  though  some  of  the  comparisons 
are  on  the  basis  that  several  such  plants  are  in  the  same  station. 
In  order  to  make  the  comparison  at  the  same  speed,  it  is  assumed 
in  all  cases  that  the  power  is  delivered  at  a  speed  of  250  to  850 
revolutions  per  minute,  corresponding  to  the  jack-shaft  speed  of 
slow  engines  and  the  actual  speed  of  high  speed  engines. 

3.  It  will  be  attempted  in  this  presentation  to  examine  all  the 
principal  causes  which  affect  the  cost  of  steam  power  in  engines 
of  different  types  operated  under  practical  conditions,  but  the 
substantial  equalization  of  the  cost  of  the  power  developed  with 
engines  of  different  types  and  different  degrees  of  economy,  when 
expenses  independent  of  the  coal  consumed  are  considered,  will 
necessarily  fonn  a  prominent  feature  of  the  discussion,  for  the 
reason  that  such  expenses  have  frequently  been  neglected  or  in- 
adequately discussed,  so  that  their  very  important  bearing  on  the 
results  is  not  generally  understood.  It  will  be  shown  that  such 
additional  expenses  are  fairly  constant,  independent  of  the  ty|ie 
of  eix^ine,  and  that  without  considering  interest  or  diWdends 
they  will  in  some  cases  equal  the  cost  of  coal.  It  will  be  seen, 
therefore,  in  comparing  two  engines  both  of  which  are  good,  so 
that  one,  for  instance,  will  only  effect  a  saving  of  coal  compared 
to  the  other  of,  say,  12^^^',  making  the  relative  costs  of  fuel  as  8 
to  7,  that,  if  additional  costs  equal  to  the  former  be  added  to 
both,  the  relative  economies  will  be  as  16  to  15,  and  the  saving 
reduced  to  6^%  simply  by  the  snnmiation  of  costs.  If  then  we 
assume  that  all  expenditures  should  pay  10^  interest  or  divi- 
dends on  capital  invested,  and  lO^c  of  the  difference  in  first  cost 
of  the  engines  equals  an  amount  which  represents  a  saving  of 
6J^  of  fuel,  then  the  cost  to  the  owner  of  the  steam  plant  will 
be  exactlv  the  same  in  the  two  cases,  since  in  one  case  he  will 
pay  in  additional  interest  or  dividends  on  the  capital  invested 
the  same  sum  as  he  will  pay  for  additional  fuel  if  he  uses  the 
cheaper  engine. 

4.  In  general  it  will  be  found  as  "in  the  above  illustration  that 
the  mere  cumulation  of  costs,  other  than  for  fuel  or  interest,  has 
the  greatest  effect  in  reducing  the  percentage  of  saving  due  to  a 
more  economical  consumption  of  fuel,  and  that  a  consideration 
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of  interest  and  dividends  may  simply  neutralize  or  reverse  per- 
centages that  were  already  made  yQry  small  from  the  first  named 
eanse. 

6.  The  original  cost  of  the  plant  is  evidently  of  great  import- 
ance, where  on  one  hand  money  is  dear,  or  on  the  other  coal  is 
cheap  or  the  work  irregular.  When  the  interest  or  dividend 
charges  and  others  akin  thereto  are  duly  considered,  it  will 
readily  be  seen  that  the  number  of  hours  an  engine  operates  in  a 
year  has  a  very  important  influence  on  the  question  of  first  cost, 
as  such  charges  for  a  given  steam  machinery  will  be  exactly  the 
same  whether  the  latter  be  operated  one  hour  per  day  during 
part  of  the  year,  or  24  hours  per  day  for  the  entire  year,  and  the 
interest  will  also  be  the  same  whether  the  coal  used  cost  $1.00 
or  $10.00  per  ton.  The  saving  in  the  total  cost  of  coal  con- 
sumed, either  during  the  short  hours  or  at  the  low  price  per 
ton,  will  evidently  not  be  such  as  to  warrant  the  adoption  of  high 
priced  steam  machinery. 

6.  It  should  be  observed  that  various  conditions  in  addition  to 
those  previously  named  operate  to  equalize  the  total  cost  of  dif- 
ferent kinds  of  steam  machinery.  For  instance,  with  more 
economical  engines  smaller  boilers  are  required,  bo  the  saving 
in  the  cost  of  the  boilers  partly  compensates  for  the  higher  cost 
of  the  engines.  Again,  coal  is  at  the  present  time  cheap  com- 
pared with  former  prices,  and  this  is  true  also  of  steam  engines 
of  ordinary  construction,  which  facts  tend  to  maintain  former 
conditions.  On  the  contrary,  steam  machinery  designed  to  secure 
economy,  though  lower  than  formerly,  is  still  relatively  high. 
It  will  be  found  that  a  consideration  of  all  the  facts  available 
imposes  very  important  conditions  in  relation  to  the  selection  of 
particular  types  of  steam  machinery  for  a  particular  duty  and 
location. 

7.  Principally  to  obtain  uniformity  of  expression  we  may  pre- 
liminarily state,  on  a  somewhat  elementary  basis,  that  steam 
engines  at  the  present  time  may  be  divided  into  two  general 
classes,  distinguished  as  high  speed  and  low  s])eed  engines,  and 
though  most  low  speed  engines  are  operated  at  higher  speeds 
than  were  employed  years  ago,  there  is  still  a  definite  distinc- 
tion, although  in  many  cases  the  gradations  not  only  appear  to 
reach,  but  perhaps  cross  each  other.  The  high  speed  engines  are 
best  distinguished  by  the  fact  that  they  are  of  comparatively 
short  stroke,  and  develop  approximately  the  same  piston  speed  as 
long  stroke  engines  by  an  increased  number  of  revolutions. 
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8.  We  have  also  simple,  compound  and  triple  compound 
engines  of  both  the  high  and  low  speed  types,  and  either  of 
them  may  be  horizontal  or  vertical.  Most  low  speed  engines  of 
the  power  proposed  are  of  the  Corliss  type,  or  at  least  have 
much  the  same  general  proportions,  and  some  means  of  automa- 
tically cutting  off  the  steam  by  the  action  of  the  governor  to 
produce  regulation  of  speed.  There  have  been  so  many  high 
speed  engines  brought  out  during  late  years  of  both  the  simple 
and  compound  type,  and  triple  compound  engines  are  being  de- 
veloped by  so  many  builders,  that  it  will  be  invidious  to  mention 
one  name  rather  than  another,  though  doubtless  some  engines 
possess  advantages  which  others  do  not.  In  most  high  speed 
engines  the  steam  is  both  distributed  and  cut  off  by  a  lap  valve 
operated  by  a  governor  revolving  with  the  main  shaft,  which 
acts  to  move  the  center  of  the  eccentric  in  a  line  transverse  to 
the  crank  at  a  distance  from  the  center  of  the  shaft  equal  to  the 
lead.  The  effect  is  to  modify  the  cut-off,  substantially  as  with  a 
link  motion,  by  reducing  the  throw  so  that  the  angular  motion 
required  to  move  the  valve  through  its  double  lap  forms  a  greater 
or  less  proportion  of  the  whole  motion  and  therefore  varies  the 
angle  of  steam  admission  while  the  lead  is  maintained  substan- 
tially uniform.* 

9.  Either  of  the  above  engines  may  also  be  operated  with  the 
steam  escaping  into  the  atmosphere  or  to  a  condenser,  and  in  the 
latter  case  an  air-pump  may  or  may  not  be  used.  The  first  class 
of  engines  can  no  longer  be  distinguished  as  '*high  pressure 
engines."  They  are  referred  to  herein  as  'non-condensing 
engines."  Those  of  the  second  class  are  called  "  high  pressure 
condensing,  without  vacuum,"  while  the  term  "condensing 
engines"  is  a  general  one  applied  to  those  in  which  the  steam  is 
condensed  and  a  vacuum  formed. 

10.  Table  I,  submitted  herewith,  shows  in  detail  the  cost  of 
one  horse-power  per  year  developed  in  engines  of  different  kinds 

1.  Wliile  it  is  true  that  small  high  speed  engines  have  been  known  for  a  long 
time,  it  is  believed,  and  in  relation  to  one  of  the  principul  forms  it  is  known, 
that  the  present  revival  started  with  a  discussion  of  the  subject  by  the  writer 
for  a  circular  of  the  Novelty  Iron  Works  about  1868.  which,  notwithstanding 
the  closing  of  the  works,  was  preserved  to  the  profession  by  the  late  lamentea 
Prof.  W.  P.  lYowbridge.  then  Vice-President  of  the  Company.  See  tables 
and  **  Formulae  lielating  to  Non-Condenaing  Engines,"  W.  P.  Trowbridge. 
N.  Y  ,  1870.  The  present  general  adoption  of  the  By  wheel  governor  revolving 
with  the  main  shaft  is  undoubtedly  due  largely  to  the  late  lamented  J.  C. 
Hoadley,  when  at  Lawrence,  Mass.  11  is  successors  were  Jiessrs.  Armington 
&  hims.     See  p.  152,  Report  Judges  Group  XX.,  Cent.  £xh.  1876. 
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when  operated  for  10  hoars  per  day  for  308  days  in  the  year  and 
for  20  hours  per  day  for  every  day  in  the  year,  with  columns 
showing  the  results  in  each  case  for  coal  costing  $2,  $3,  $4  and 
$5  per  ton.  The  results  are  at  first  presented  on  the  basis  that 
the  power  required  is  comparatively  steady  so  that  no  surplus 
machinery  is  required.  A  second  presentation  shows  the  results 
for  electric  light  and  other  plants  in  case  50^  surplus  machinery 
be  provided  to  supply  the  maximum  power  during  certain  por- 
tions of  the  day,  and  the  power  for  the  remainder  of  the  day  is 
sufficiently  low  to  maintain  the  average. 

11.  In  column  b  of  Table  I  will  be  found  the  designation  of 
the  several  types  of  engines  compared,  arranged  by  the  amount 
of  fuel  required  to  produce  one  horse-power.  Distinguishing 
letters  are  provided  at  the  left  in  column  a  for  convenience  of 
reference.  In  general  the  kind  of  engine  employed  will  be  un- 
derstood from  the  names  at  a  glance.  There  are  presented  on 
different  lines  of  the  table,  simple  high  and  low  speed  engines, 
both  condensing  and  non-condensing,  compound  high  and  low 
speed  engines,  both  condensing  and  non-condensing,  high  speed 
triple  compound  engines,  condensing  and  non-condensing.  There 
are  also  three  lines  devoted  to  low  speed  condensing  triple  com- 
pound engines.  Of  these,  line  e/ shows  the  probable  results  with 
machinery  designed  to  secure  economy  in  construction  rather 
than  the  highest  economy  of  fuel.  Line  JST  refers  to  a  low  speed 
triple  compound  engine  more  expensively  constructed,  for  which 
the  economy  is  assumed  lower  than  in  the  other  case  and  for 
which  the  results  are  believed  to  be  the  best  that  can  be  secured 
under  ordinary  average  practice  even  with  the  best  machinery. 
There  has,  however,  for  comparison,  been  added  another  line,  Z, 
assumed  to  be  operated  at  still  lower  economy  by  the  use  of  boil- 
ers of  unusual  economy  and  careful  attention  to  the  details  of 
operation,  for  which  purpose  $1  per  day  is  added  to  the  labor  ac- 
count. The  results  shown  in  this  line  are  believed  to  be  the 
maximum  which  can  be  obtained  under  the  conditions  of  unusu- 
ally good  practice  with  the  best  care  available. 

12.  It  is  assumed  that  the  details  and  proportions  of  the  differ- 
ent types  of  engines  are  of  a  kind  which  have  proved  reliable  in 
practice,  so  that  no  large  allowances  are  necessary  for  breakdowns 
or  important  repairs. 

13.  Column  c  shows  the  indicated  horse-power  required  to  pro- 
duce 500  net  horse-power.     As  previously  stated  the  net  power 
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is  assumed  as  delivered  to  a  shaft  revolving  at  a  speed  of  250  to 
350  revolutions  per  minute,  such  for  instance  as  the  main  shaft 
of  a  so-called  high  speed  engine,  or  the  jack-shaft  of  a  low 
speed  engine,  consequently  the  indicated  power  of  the  latter 
must  be  increased  sufficiently  to  overcome  the  frictional  re- 
sistance developed  in  transmitting  the  power  to  the  jack- 
shaft.  The  total  loss  due  to  the  friction  of  the  engine  and 
jack-shaft  of  the  slow  speed  engine  is  considered  to  be  \0% 
without  reference  to  its  distribution,  which  is  substantially  what 
has  been  obtained  by  experiment  under  average  conditions.  The 
friction  of  the  high  speed  engines  is  fixed  at  8^,  which  may  ap- 
pear somewhat  high  for  such  large  engines,  but  is  believed  to  be 
warranted  by  the  short  stroke,  large  bearings  and  high  velocities 
necessarily  employed,  although  it  will  undoubtedly  show  smaller 
in  particular  engines.  In  this  way  642  is  fixed  as  the  indicated 
horse-power  of  the  high  speed  engines  and  556  as  the  indicated 
horse-power  of  the  low  speed  engines. 

14.  Column  d  shows  the  assumed  steam  pressures  as  shown  by 
gauge.  The  pressure  regularly  carried  has  been  somewhat  in- 
creased of  late  years,  so  that  none  of  the  engines  are  assumed  to 
operate  at  a  less  pressure  than  100  pounds,  and  for  all  the  triple 
compound  engines  the  pressure  is  assumed  to  be  from  150  to  170 
pounds. 

1 5.  Columns  e  and/* relate  to  the  feed  water  per  indicated  horse- 
power per  hour;  column  ^showing  the  probable  limits  within  which 
the  feed  water  required  will  vary  for  engines  of  the  types  stated, 
when  constructed  by  different  manufacturers  or  operated  under 
different  conditions.  The  lower  limit  is  believed  to  have  been  fixed 
in  each  case  at  the  minimum  result  which  has  been  obtained  by 
reliable  experiments  with  the  class  of  engines  referred  to ;  these 
figures  are  therefore  too  low  for  average  practice.  The  larger 
figures  in  colunm  e  represent  results  which  in  the  opinion  of  the 
writer  may  be  obtained  under  less  favorable  but  practical  circum- 
stances, and  of  course  still  larger  costs  would  result  from  the  use 
of  apparatus  imperfectly  designed  or  improperly  operated.  Col- 
umn/* shows  the  feed  water  per  indiciited  horse-power  per  hour 
assumed  for  comparison.  The  figures  in  this  column  are  not  in- 
tended to  be  averages  of  those  given  in  column  <?,  but  those 
which  can  be  safely  depended  upon  under  conditions  of  practice, 
with  the  load  varying  between  considerable  limits,  thereby 
affecting  somewhat  the  economy.     It  should  be  stated  that  the 
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desire  to  have  these  figures  decrease  progressively  where  possible 
has  somewhat  influenced  the  values  selected,  as  well  as  the  above 
considerations,  which  should  be  borne  in  mind  in  making  the 
comparisons.  In  cases  where  the  conditions  are  especially  favor- 
able, the  results  for  a  type  of  engine  written  in  one  line  may  be 
taken  from  the  line  below,  or  by  an  average  of  the  results  written 
opposite  the  name  of  such  engine  and  those  on  the  line  below. 
It  is  believed,  however,  from  a  careful  consideration  of  all  the 
evidence  available  on  the  subject  that  the  figures  given  are  all  that 
can  be  depended  upon  under  average  conditions  of  practice.  En- 
gines operating  cotton  mills  or  large  numbers  of  small  machines  of 
any  kind  under  conditions  securing  a  substantially  uniform  load 
will  necessarily  give  nearer  the  minimum  results  shown  in  col- 
umn e,  but  engines  generating  electric  current  for  electric  rail- 
ways, or  subject  to  variable  loads  of  any  kind  will  rarely  show 
economies  as  low  as  has  been  assumed  for  comparison  in  col- 
umn/*. 

16.  Column  g  shows  the  commercial  horse-power  of  the  boil- 
ers required  to  furnish  steam  to  engines  of  the  indicated  power 
shown  in  column  c.  The  power  of  a  boiler  is  really  represented 
by  the  quantity  of  water  it  will  evaporate  under  normal  condi- 
tions. Its  rating  should  not  be  based  on  the  maximum  quantity 
it  will  evaporate,  for  in  such  case  the  steam  pressure  would  fall 
during  the  operation  of  replenishing  or  cleaning  the  fires. 
There  is  really  no  such  thing  as  an  absolute  boiler  horse-power, 
for  the  reason  that  the  quantity  of  feed  water  evaporated  required 
by  different  engines  varies  through  such  wide  limits.  It  is, 
therefore,  necessary  to  arbitrarily  fix  the  rating  for  boilers  based 
on  the  evaporation  of  a  definite  quantity  of  water  under  definite 
conditions.  In  the  report  of  the  Judges  of  Group  XX,  Cent. 
Exh.,  the  writer  called  attention  to  the  fact  that  for  economical 
engines  the  boilers  were  generally  designed  as  part  of  the  plant ; 
that  for  portable  engines  the  boiler  and  engine  were  generally 
attached  together,  and  he  suggested  that  the  rated  horse-power  of 
a  boiler  could  properly  be  fixed  by  the  quantity  of  water  required 
for  engines  of  a  class  then  most  largely  in  use,  to  wit,  automatic 
en  toff  high  pressure  engines  of  80  to  100  horse  power.  He 
therefore,  based  the  calculation  relating  to  the  tests  of  boilers  at 
the  Exhibition  on  the  basis  that  the  Commercial  Horse  Power  of 
a  boiler  should  be  fixed  at  30  pounds  of  water  evaporated  at  70 
pounds  pressure  at  a  temperature  of  100  degrees.     This  rating 
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wa6  adopted  bj  the  Judges  at  that  time  and  has  since  been 
adopted  by  a  Committee  of  the  American  Society  of  Mechanical 
Engineers.  The  increased  duty  required  by  the  boiler  to  evapo- 
rate the  water  at  an  increased  steam  pressure  is  small  and  may 
ordinarily  be  neglected.  The  assumed  temperature  of  feed 
water,  to  wit,  100°,  can  be  readily  obtained  even  with  condens- 
ing engines,  so  the  commercial  horse-power  of  boilers  for  the 
different  engines  has  been  found  by  simply  taking  the  product  of 
the  several  indicated  horse-powers  in  column  c  and  of  the  water 
per  indicated  horse-power  in  column/* and  dividing  each  by  30, 
or  the  number  of  pounds  of  water  per  horse-power  assumed  for 
the  rating  of  boilers.  It  will  be  interesting  to  observe  that  the 
high  speed  non-condensing  engines  in  line  A  require  596  boiler 
horse-power  to  produce  500  net  horse-power,  and  that  the  power 
of  the  boilers  continually  diminishes  with  the  reduction  in  feed 
water  per  horse-power,  so  that  for  the  case  last  named,  line  Z, 
only  259  boiler  or  commercial  horse-power  is  required. 

17.  While  on  the  subject  of  boilers  we  proceed  at  once  to  the 
cost  of  the  boilers  given  in  column  i.  As  shown  by  the  heading, 
the  prices  stated  not  only  include  the  original  cost  of  the  boilers 
proper,  but  the  erection  and  connection  of  the  same,  which  may 
add  a  considerable  sum  to  the  original  cost,  particularly  where 
the  work  is  of  such  character  that  steam  pressure  must  be  main- 
tained either  on  one  boiler  or  another  at  all  times  during  the 
hours  of  operation  as  is  desirable  in  all  kinds  of  manufacture  and 
necessary  where  public  interests  are  at  stake,  as  in  electric  work. 
All  steam  apparatus  needs  more  or  less  repair.  Stop  valves  will 
get  off  the  stems  occasionally  or  obstructions  get  upon  the  seats 
so  that  they  cannot  be  shut ;  packing  will  blow  out  here  and 
there,  joints  will  become  loosened  and  leaky  ;  in  fact,  there  are 
numbers  of  petty  difficulties  that  are  likely  to  arise  which  will 
require  a  particular  boiler  to  be  shut  off  pending  repairs,  inde- 
pendent of  the  regular  suspension  of  operations  for  the  purposes 
of  inspection  and  cleaning.  To  provide  for  such  contingencies  it 
is  necessary  to  insert  plenty  of  valves  in  the  pipes  so  that  one 
boiler  may  be  shut  off  independently  of  another.  As  accidents  are 
likely  to  arise  at  the  valves  themselves  so  as  to  require  shutting 
off  main  steam  pipes  occasionally,  the  writer  felt  that  it  was  war- 
ranted when  building  the  plant  for  the  New  York  Steam  Com- 
pany to  provide  duplicate  connections  to  each  boiler  so  that  the 
main  steam  pipes  themselves  could  be  repaired  without  suspend- 
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ins:  operations.  It  was  done  in  that  case  by  the  use  of  smaller 
pipes  for  the  duplicates  and  during  the  time  they  were  used  ex- 
clusively, the  steam  pressure  was  carried  higher.  Very  many 
electric  light  plants  have,  however,  been  made  since  that  time,  in 
which  every  connection  has  been  duplicated  of  full  size,  and 
valves  placed  in  every  branch  where  it  was  possibly  thought  any 
difficulty  would  arise  likely  to  cause  a  suspension  of  operation. 
In  such  case  the  water  feed  pipes  are  also  duplicated  in  the  same 
way.  In  the  work  of  the  writer  above  referred  to,  the  duplica- 
tion of  the  feed  pipes  was  provided  for  by  arranging  blow-off 
valves  which  could  also  be  used  as  check  valves,  by  leaving  slack 
in  the  connection  of  the  stems  to  the  valves  and  then  making 
connections  from  the  pumps  to  the  blow-off  pipes.  This  arrange- 
ment answered  the  purpose  perfectly  and  in  fact  proved  of 
greater  importance  than  the  auxiliary  system  of  steam  pipes.  It 
will  be  interesting  to  mention  that  the  latter  were  kept  in  opera- 
tion all  the  time,  and  used  like  what  is  called  the  "donkey  sys- 
tem "  on  board  ship  to  supply  the  pumps  and  auxiliary  connec- 
tions. 

18.  There  has  been  some  embarrassment  in  selecting  a  type  of 
boilers  for  this  comparison  on  account  of  the  very  considerable 
difference  in  cost.  It  has  been  decided  to  use  a  price  sufficiently 
high  to  cover  the  cost  of  the  better  class  of  what  are  termed 
"safety  boilers"  or  those  in  which  the  water  is  contained  in 
tubes,  small  chambers  or  comparatively  small  shells  of  unusual 
strength  compared  to  the  large  shells  of  ordinary  boilers.  Tubu- 
lar boilers  either  of  the  horizontal  or  vertical  type  are  undoubt- 
edly cheaper  in  the  first  place,  and  since,  with  equally  good 
combustion  in  different  cases,  the  economy  obtainable  is  increased 
slightly  by  increasing  the  heating  surface  available  for  a  given 
power,  ordinary  tubular  boilers  are  selected  when  large  ratios  of 
heating  surface  to  grate  are  desired  or  boilers  of  the  sectional 
type  employed  with  economizers  at  the  base  of  the  chimney. 
Increased  surface  in  tubular  boilers  chokes  the  draft.  It 
follows,  therefore,  that  generally  the  tubular  boilers  do  not  have 
the  surplus  power  of  the  better  class  of  boilers  of  the  sectional 
type  and  that  therefore  when  the  power  varies  greatly  and  the 
machinery  is  to  be  forced  for  several  hours  per  day  to  its  utmost, 
as  in  electric  railway  work,  a  greater  h.  p.  of  boilers  of  the  tubu- 
lar type  must  in  general  be  provided  than  of  the  sectional  type. 
Again,  some  forms  of  tubular  boilers,  although  showing  high 
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economies  under  the  special  condition  of  steady  work  and  care- 
ful attention,  are  not  calculated  from  their  construction  to  run 
for  a  considerable  time  without  attention,  and  any  emergency 
which  prevents  regular  cleaning,  chokes  them  up  so  that  their 
performance  is  very  much  reduced  and  inadequacy  of  boiler 
power  soon  becomes  evident.  This  is  particularly  the  case  with 
the  cheap  and,  under  certain  conditions,  very  efficient  vertical 
boilers  with  small  tubes.  In  the  earlier  form  of  sectional  boilers 
all  parts  of  the  boiler  were  composed  of  tubes  or  small  sections 
which  would  leak  at  the  joints  and  relieve  the  pressure  much 
below  the  explosive  limit  of  the  sections.  This  kind  involved 
difficulties  in  the  way  of  disengagement  of  steam,  and  were  in- 
convenient to  repair,  so  that  in  the  more  recent  modified  type, 
selected  for  comparison,  all  the  water  exposed  to  the  direct 
heat  of  the  fire  is  contained  in  tubes  or  small  cells  and  disen- 
gagement of  the  steam  takes  place  in  drums  at  some  distance 
from  the  fire.  With  this  form  of  boiler,  dangerous  explosions 
are  impossible,  even  when  the  water  is  low,  and  the  cost  of  main- 
tenance has  proved  to  be  very  much  less  than  for  the  ordinary 
types  of  boilers.  It  is  thought,  therefore,  that  though  boiler  ex- 
plosions are  rare,  the  small  risk  of  an  accident  is  sufficient,  par- 
ticularly when  repairs  are  considered,  to  warrant  the  use  of  an 
apparatus  with  which  a  general  disaster  is  impossible.  A  com- 
parison is,  however,  made  in  Table  II  for  cheaper  boilers,  which 
shows  that  the  final  result  is  not  due  to  the  price  of  the  boilers 
selected.  It  has  been  assumed  that  sectional  boilers  for  pressures 
not  exceeding  125  pounds  can  be  purchased  and  erected  in  place 
complete  with  necessary  attachments,  furnaces,  brick  walls,  con- 
nections to  chimney,  steam  and  blow  pipes  and  other  connections, 
with  fire  tools  and  fire  room  fittings  in  place  ready  for  regular 
use  for  $22  per  commercial  horse  power ;  similarly  the  price  for 
boilers  erected  and  connected  complete  to  carry  regularly  150 
pounds  and  upward  has  been  fixed  at  $25  per  commercial  horse- 
power. 

19.  In  column  i  the  above  prices  have  been  reduced  to  the 
prices  per  net  horse-power  by  multiplying  the  ratio  of  the  com- 
mercial horse-power  given  in  column  g  to  500  net  horse-power 
by  $22  or  $25  in  the  several  cases,  when,  as  would  be  expected, 
it  will  be  seen  that  the  price  per  net  horse-power  reduces  as  the 
economy  increases  in  the  same  proportion  as  the  commercial 
horae-power  of  the  boilers  required. 
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20.  We  now  return  to  column  A,  which  shows  the  cost  of 
engines  erected  and  connected  ready  for  operation.     It  has  been 
somewhat  difficult  to  obtain  satisfactory  information  for  this  col- 
umn.    Circulars  were  issued  to  different  engine  manufacturers, 
and  although  all  responded,  and  some  took  special  pains  to  fur- 
nish all  the  information  in  their  power,  the  resulting  data  was 
nevertheless  very  incomplete,  for  the  reason  that  few  of  the 
makers  were  prepared  to  manufacture  high  speed  engines  of  500 
horse-power,  and  none  of  them  could  give  prices  throughout  the 
whole  list.     Again  there  appeared  to  be  a  difference  of  opinion 
among  the  manufacturers  as  to  the  kind  of  prices  which  should 
be  given  for  such  a  purpose.     Some  undoubtedly  added  a  per- 
centage to  those  for  which  they  regularly  sell  the  same  engines 
in  the  market,  while  others  evidently  stated  prices  lower  than 
would  be  furnished  under  strict  specifications.     Few  of  the  man- 
ufacturers replied  to  questions  as  to  the  cost  of  erection,  stating 
that  such  cost  would  vary  greatly  with  conditions  at  each  loca- 
tion.    In  some  cases,  however,  the  costs  of  plants  complete,  in- 
cluding erection,  have  been  obtained  which  checked  well,  with  esti- 
mates made  up  in  detail  in  substantially  the  following  manner : 
The  costs  of  the  engines  at  the  shop,  as  furnished  by  manufac- 
turers, were  arranged  in  order,  and  the  shop  price  adopted  fixed 
not  only  by  averaging  different  prices  for  engines  of  the  same 
power,  but  by  comparison  with  prices  for  engines  of  different 
sizes,  and  in  some  cases  of  different  types,  it  being  attempted  to 
make  a  gradation  in  price  from  one  type  to  another  as  nearly  as 
the  circumstances  warranted.     This  method  is  the  only  practi- 
cal one,  for  one  manufacturer  will  quote  prices  for  the  same 
engine  to  develop  either  400  or  500  horse-power,  and  perhaps  in 
another  case  at  lower  pressure  or  reduced  speed  even  for  300 
horse-power.     Several  engines  of  different  sizes  are  in  some  cases 
made  by  using  the  same  frame  and  general  details  and  simply 
changing  the  size  of  the  cylinder  so  that  the  cost  is  not  greatly 
modified  for  quite  a  range  of  power.     In  some  cases  it  was 
necessary  to  consider  double  engines  to  produce  500  horse-power. 
The  price  of  engines  at  the  shop  had  therefore  to  be  derived  by 
digesting  all  the  data  based  on  the  several  conditions.     To  these 
prices  were  added  the  cost  of  foundations  as  calculated  from 
drawings  in  some  of  the  circulars,  and  an  allowance  was  made 
for  pipes,  felting  and  the  numerous  incidentals  which  are  always 
required  in  erecting  an  engine.     The  final  results,  though  more 
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accurate  on  the  average  for  different  parts  of  the  country  than 
would  be  obtained  by  a  less  careful  study  of  the  subject,  cannot 
be  depended  upon  for  special  conditions.  It  would  be  the  busi- 
ness of  any  engine  manufacturer  to  claim  that  he  would  furnish 
machinery  of  a  given  kind  for  less  than  stated,  and  he  could  do 
it  by  using  smaller  engines  or  higher  speeds  than  is  customary, 
or  in  a  variety  of  ways.  The  difference  in  price  between  an 
engine  at  the  shop  and  one  fully  erected,  and  in  operation,  should 
in  all  cases  be  duly  considered,  and  when  a  large  number  of 
engines  are  grouped  on  one  system  of  piping  for  steam  and 
another  for  exhaust,  with  condensing  apparatus,  air  pumps  and 
perhaps  circulating  pumps,  the  several  items  of  cost  mount  up 
quite  rapidly.  There  has  been  added  to  the  cost  of  slow  speed 
speed  engines  the  cost  of  the  main  belt  and  a  certain  portion  of 
the  jack-shaft,  so  as  to  put  the  high  and  low  speed  types  on  the 
Bame  basis.  The  allowance  will  not,  however,  include  the  expen* 
give  clutches  frequently  employed.  The  prices  for  high  speed 
non-condensing  engines  with  boilers  complete,  check  very  well 
with  those  collected  by  Mr.  Wm.  M.  Schlesinger  for  a  book  he 
is  preparing  with  Mr.  T.  C.  Martin,  of  the  Electrical  Engineer^ 
of  which  advance  sheets  have  been  kindly  loaned  me.  Mr. 
Schlesinger  gives  the  prices  of  six  plants,  varying  from  250  to 
1200  H.  p.,  with  high  speed  engines  of  various  kinds  and  tubular 
boilers  of  various  sizes.  The  total  cost  varies  from  $50.40  to 
$61  per  H.  p.,  and  averages  $53.70  per  h.  p.,  which  checks  well 
the  $58.90  given  in  Table  I  for  such  engines  with  sectional 
boilers.  A  comparison  for  lower  priced  boilers  is  however  given 
in  Table  II.  The  price  given  for  triple  compound  engines  with 
boilers,  buildings  and  details  complete,  checks  well  with  prices 
kindly  furnished  by  F.  S.  Pearson,  Esq.,  engineer  of  the  West 
End  Railway,  Boston,  for  the  large  plant  erected  by  that  com- 
pany. Mr.  Pearson  considers  that  $75.00  per  h.  p.  will  be  suffi- 
cient to  complete  that  work  which  includes  surface  condensers 
not  considered  in  the  table. 

21.  Column  y  shows  the  approximate  cost  per  net  horse-power- 
of  the  chimney  and  the  buildings  required  for  the  steam  machine 
ry.  These  have  been  based  upon  the  actual  cost  of  various 
chimneys  in  actual  practice  and  upon  the  cost  of  comparatively 
cheap  buildings  to  cover  the  engines  and  boilers.  The  prices 
could  be  reduced  by  using  very  cheap  wooden  buildings,  but  are 
insufficient  to  provide  for  elaborate  buildings  designed  to  secure 
architectural  effect. 
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22.  Column  k  shows  the  aggregate  cost  per  net  horse-power  of 
the  engines,  boilers,  buildings  and  chimney  as  given  in  the  three 
previous  columns. 

23.  Column  I  shows  the  amount  in  column  k  augmented  2^% 
for  inspection  and  (^%  for  loss  of  interest  during  construction,  a 
total  of  Si%y  which  is  designed  to  cover  the  expenses  of  the  kind 
indicated  and  other  contingencies  incidental  to  the  construction 
of  a  large  steam  plant  or  other  important  work.  In  starting  a 
company  there  must  be  an  organization  formed  in  connection 
with  raising  the  money,  procuring  the  charter  and  initiating  the 
construction,  involving  the  salaries  of  several  individuals.  The 
engineers  to  take  charge  of  the  work  must  also  be  selected  before 
the  work  is  completed  and  in  general  very  much  of  the  expense 
must  be  incurred  a  considerable  time  before  the  plant  is  put  in 
operation  ;  and  even  afterjoperation  commences,  a  long  time  inter- 
venes before  everything  is  working  on  a  suflSciently  large  scale 
to  secure  economy  in  operation  and  a  return  therefrom.  Fre- 
quently these  items  are  not  considered  in  making  estimates* 
Some  of  them  are  of  a  kind  which  are  not  necessarily  included 
in  those  made  by  an  engineer.  Eventually,  however,  all  these 
expenses  must  be  charged  in  some  way  on  the  books  and  will 
usually  be  placed  in  the  construction  account,  and  it  is,  there- 
fore, proper  to  make  this  charge  of  Si%  in  excess  of  the  ordinary 
preliminary  charges  for  designs  naturally  included  in  construc- 
tion, with  the  belief  that  it  will  in  rare  instances  be  sufficient  to 
provide  for  the  several  contingencies  referred  to. 

24.  An  inspection  of  column  /  shows  unexpectedly  small  differ- 
ences in  the  total  cost  of  steam  machinery  of  different  types  when 
everything  is  considered.  It  is  a  curious  fact  that  the  machinery 
which  as  a  whole  costs  least  originally  is  tliat  of  fairly  good 
economy.  The  total  cost  of  non-condensing  steam  machinery 
is,  on  the  basis  of  performance  assumed,  higher  than  for  more 
economical  condensing  engines,  on  account  of  the  increased  cost 
of  the  additional  boilers,  buildings  and  chimney  made  necessary 
by  such  reduced  economy.  If  it  be  considered  that  the  feed 
water  per  indicated  horse-power  per  hour  for  the  non-condensing 
engines  is  higher  than  would  be  obtained  in  particular  cases,  a 
comparison  with  the  minimum  quantities  in  column  e  shows  that 
an  assumption  of  the  best  possible  results  will  not  equalize  the 
total  cost  of  non-condensing  and  condensing  engines  of  similar 
construction.     The  more  economical  engines  near  the  bottom  of 
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the  table  are  compisiratively  bo  high  priced  that  even  when  the 
reduced  cost  of  boilers  is  considered,  the  total  price  is  greater 
than  for  the  steam  machinery  of  reasonable  economy  shown  near 
the  middle  of  the  table. 

25.  In  column  in  is  shown  the  weight  of  water  which  it  is  as- 
0iimed  will  be  evaporated  per  pound  of  coal.  The  assumption  is 
8^  pounds,  except  in  the  last  case  where  it  has  been  fixed  at  9^ 
pounds.  Although  9  and  9^  pounds  evaporated  can  be  obtained 
under  actual  conditions  readily  with  boilers  of  good  proportion 
and  construction,  it  is  thought  that  S^  pounds  is  as  much  as  can 
be  depended  upon  in  average  practice.  It  is  in  fact  greater  than 
is  obtained  in  most  cases,  though  less  than  is  claimed  in  excep- 
tional ones.  This  rate  must  be  considered  somewhat  in  relation 
to  the  price  of  coal.  If  cheap  coal  is  to  be  used  which  will  not 
give  8J  pounds  evaporation,  the  results  must  be  sought  in  the 
column  of  the  table  applying  to  coal  of  a  higher  price. 

26.  Column  n  shows  the  coal  per  indicated  horse-power  per 
hour,  which  is  simply  deduced  by  dividing  the  feed  water  per 
horse-power,  column/*,  by  the  feed  water  evaporated  per  pound 
of  coal,  column  m.  We  notice  that  the  coal  per  indicated  horse- 
power per  hour  decreases  from  3.88  to  1.47  lbs.,  which  is  about 
what  should  be  expected  for  the  various  conditions  heretofore 
discussed. 

27.  We  next  have  in  columns  o  and  p  the  number  of  tons  of 
coal,  of  2240  pounds,  required  under  the  conditions  stated ;  col- 
umn o  referring  to  a  working  day  of  10  hours  and  column^  to  a 
working  day  of  20  hours,  with  coal  for  one  hour  added  in  each 
case  for  starting  and  stopping  fires. 

28.  We  have  next  in  column  ^  to  a*  inclusive,  the  cost  of  coal 
per  horse-power  per  year  at  the  rates  of  $2,  $3,  $4  and  $5  per 
ton  ;  first  on  the  basis  of  308  days  of  10  hours  each,  and  second 
on  the  basis  of  365  days  of  20  hours  each. 

29.  We  have  next  in  columns  y  and  z  the  cost  per  net  horse- 
power per  year  of  supplies  and  average  repairs  There  has  been 
allowed  12  cents  per  day  of  10  hours  for  supplies  and  'i9  cent* 
for  repairs,  or  41  cents  total  for  a  600  h.  p.  slow  speed  engines. 
These  costs  are  based  on  testimony  in  the  Fall  Kiver  suit  men- 
tioned in  the  paper  previously  referred  to.  This  amount  has 
been  increased  to  48  cents  for  the  high  speed  engines,  which  will 
probably  be  insufficient  in  many  cases,  but  has  been  assumed  cor- 
rect for  the  better  types. 
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80.  We  next  have  in  colnmns  A  and  B  the  cost  per  net  horse- 
power per  year  for  wages  based  on  $3  per  day  of  10  honrs  for 
an  engineer  and  $4  per  day  for  500  commercial  or  boiler  horse- 
power for  fireman  and  the  labor  incidental  to  passing  the  coal 
and  disposing  of  the  ashes.  The  latter  amoantjias  been  entered 
fractionally,  for  althongh  this  would  be  impossible  for  a  single 
unit  it  is  the  only  way  to  obtain  a  correct  progression  when  con- 
sidering  each  unit  as  a  part  of  a  much  larger  plant.  The  cost 
amounts  to  $4^.77  per  day  for  simple  engine  in  line  A  and  $2.22 
for  compound  engine  in  line  ^. 

31.  In  column  O  is  given  the  cost  of  insurance,  taxes  and  re- 
newals per  horse-power  per  year.  This  is  obtained  on  a  basis  of 
i  of  1%  for  insurance,  which  is  too  low  for  an  electric  light 
plant,  and  in  fact  too  low  for  other  manufacturing  operations 
except  those  insured  on  a  mutual  plan.  Taxes  have  been  assumed 
at  $15  per  thousand  on  three-fourths  of  the  total  cost,  equivalent 
to  1.2^.  The  renewals  for  engines,  boilers  and  buildings  all 
averaged  together  have  been  assumed  at  3.3j^,  making  a  total  of 
b%.  The  several  percentages  are  believed  to  be  low  for  general 
practice,  but  have  been  used  in  the  first  part  of  Table  I  so  as  to 
keep  within  bounds,  the  infiuence  which  quantities  proportioned 
to  the  cost  have  on  the  result. 

32.  We  have  in  column  D  the  amount  per  horse-power  per 
year  to  be  provided  for  interest  and  dividends  which  has  been 
fixed  at  the  moderate  rate  of  lOj?  on  the  capital  invested.  It 
should  be  realized  that  the  interest  account  should  not  simply 
cover  the  interest  on  money  borrowed  or  invested  to  do  the  work, 
but  a  percentage  sufficient  to  pay  expected  dividends  on  the  cap- 
ital ;  in  fact,  interest  and  dividends  must  be  considered  together. 
In  this  country,  at  least,  active  business  men  demand  at  least  10^ 
on  their  investments.  It  may  be  that  they  will  borrow  the 
money  actually  required  to  do  the  greater  part  of  the  work  at  a 
comparatively  low  rate  of  interest,  say  b%  to  6^,  which  the  busi- 
ness is  expected  to  pay  in  addition  to  a  dividend  of  an  equal  or 
greater  amount  to  recompense  the  promoters  for  their  trouble 
and  responsibility  in  the  matter,  so  that  iO^^allowance  for  inter- 
est and  dividends  is  none  too  much  in  a  growing  country.  In- 
deed, it  is  altogether  too  small  for  operations  in  which  the  actual 
value  of  the  plant  is  represented  by  a  greatly  increased  face 
value  of  securities.  Evidently  the  payment  of  6%  interest  on  a 
bonded  issue  equal  to  the  cost  of  construction  and  5%  dividends 
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on  an  eqnal  amonnt  of  stock  to  control  the  company,  or  anj 
gimilar  financial  scheme  based  on  the  same  total,  is  equivalent  to 
aa  allowance  of  10%  for  interest  and  dividends,  which  is  the  basis 
attumed  for  comparison,  and  this  percentage  must  of  course  be 
paid  on  all  expenditures  including  everything  relating  not  only 
to  the  purchase,  but  the  erection  of  the  various  details  of  the 
steam  machinery. 

33.  Columns  E-  and  F  merely  sum  up  the  cost  per  horse- 
power per  year  of  all  operating,  current  and  interest  expendi- 
tures, except  coal,  and  include  therefore  the  cost  of  wages,  col- 
nniDS  A  and  B;  cost  of  insurance,  taxes  and  renewals,  column  C; 
and  the  interest  or  dividends,  column  D, 

34.  We  next  have  in  columns  G  to  N  inclusive  the  total 
cost  per  net  horse-power  per  year  on  the  basis  shown  in  the 
previous  columns,  for  coal  at  $2,  $3,  $4  and  $5  per  ton,  first  for 
308  days  of  10  hours  each,  and  second  for  365  days  of  20  hours 
each.     An  examination  of  the  several  columns  shows  clearly  that 
for  cheap  fuel  and  short  hours  the  engines  of  fair  economy  and 
least  cost  give  the  most  economical  results  when  both  the  cost 
of  fuel  and  collateral  and  interest  charges  are  considered.     Such 
a  result  would  be  anticipated  in  comparison  with  non-condensing 
engines,  but  it  is  somewhat  surjprishig  to  find  that  the  compov/nd 
engines  of  comparaii/oel/y  moderate  price  show  letter  economy ^ 
eoeryihvng  considered^  than  tlie  higher  priced  triple  compound 
engines^  if  we  reject  the  results  shown  in  the  last  line,  which,  aa 
already  stated,  it  is  believed  cannot  be  obtained  in  average  prac- 
tice.    For  the  10  hours  day,  with  coal  at  $2  per  ton,  the  lowest 
result  is,  for  the  assumed  conditions,  shown  on  line  /,  referring 
to  special  triple  compound  high  speed  condensing  engines.     Un- 
fortunately more  conditions  have  had  to  be  assumed  in  relation 
to  this  type  of  engine  than  for  any  of  the  others.     They  are 
being  made  specially  for  electrical  purposes  of  extra  weight  and 
with  extra  length  of  bearings,  and  the  prices  available  would 
with   proper  allowance  for  erection  give  prices   higher    than 
stated.     However,  the  result  is  very  little  different  from  that 
shown   in  lines  Q  and  Ilior  compound  engines  high  and  low 
speed,  or  even  for  the  simple  low  speed  condensing  engine  line 
If]  on  the  one  hand,  or  the  triple  compound,  lines  J  and  Ji,  on 
the  other.     This  similarity  in  final  cost  is  certainly  very  interest- 
ing, and  examining  columns  II,  7  and  J,  referring  to  coal  at  $3,  $4 
and  $5  per  ton,  we  find  that  although  the  total  cost  per  year  in- 
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creases,  the  relative  cost  for  engines  of  diflferent  kinds  varies  but 
little.  At  the  $5  rate,  the  high  speed  compound  engine,  line  O^ 
has  fallen  $1.43  per  horse-power  per  year  behind  the  low  speed 
compound  engine,  line  7/",  and  $2.67  behind  the  high  speed  triple 
compound,  line  /,  on  basis  assumed,  but  the  latter  with  its  lower 
assumed  original  price  and  higher  coal  consumption  is  holding 
its  own  substantially  with  the  higher  priced  compound  engine, 
line  J.  The  same  relations  practically  hold  for  20  hours  per 
day  with  cheap  coal,  and  it  is  not  until  we  reach  column  N  for 
20  hours  per  day  and  coal  at  $5  per  ton  that  the  higher  priced 
engines  (rejecting  as  before  line  L )  show  any  decided  superiority, 
and  even  under  these  circumstances  the  difference  is  compara- 
tively not  great. 

35.  We  next  examine  columns  0  to  V  inclusive,  which  show 
the  total  cost  per  net  horse-power  per  year  for  electric  railroad 
and  other  variable  work  requiring  bO%  extra  plant  to  obtain  on 
the  average  500  horse-power.  That  is,  it  must  be  supposed  that 
a  750  horse-power  plant,  or  the  larger  portion  of  the  same,  leav- 
ing one  unit,  perhaps,  for  emergencies,  is  employed  during  the 
times  of  heavy  traffic,  and  that  at  other  times  the  power  is  less 
than  500  horsepower  so  as  to  maintain  the  average.  In  making 
this  comparison,  the  cost  of  fuel  and  labor  per  average  horse- 
power has  not  been  increased.  Very  great  variations  of  load 
would  certainly  change  these  items,  but  as  all  conditions  cannot 
be  provided  for  in  one  table,  it  may  be  assumed  that  the  charge 
for  fuel  in  the  first  part  of  the  table  is  ratlier  high  for  uniform 
loads,  and  tliat  charges  for  both  fuel  and  labor  have  not  been 
exceeded  for  the  conditions  involving  surplus  plant  in  the  second 
part  of  table.  The  insurance  in  the  latter  case  has,  however, 
been  increased  to  \h%  as  an  average  on  engines,  boilers  and  build- 
ings. The  engine  renewals  have  also  been  increased  to  4^  and 
the  boiler  renewals  to  ^^%.  These  latter  allowances  are  believed 
to  be  more  nearly  correct  than  those  first  assumed  for  manv 
kinds  of  work.  There  are  individual  cases  of  boilers  and  engines 
lasting  a  long  time,  but  in  many  cases  the  necessary  changes  in 
the  character  of  the  work  done,  re(|nires  a  change  of  steam  plant, 
80  it  is  safer  to  charge  off  for  renewals  a  sufticient  sum  to  pro- 
vide for  conditions  other  than  the  actual  wearing  out  of  the 
apparatus.  In  any  case  we  think  it  will  be  granted  that  these 
allowances  are  none  too  large  for  electric  light  plants.  The 
comparisons  arc  as  before  on  the  basis  of  coal  costing  $2,  $3,  $4 


\m. ]  BMBR 7  ON  STEAM  PO  WER  187 

and  $5  per  ton,  first  for  308  days  of  10  hours  each  and  second 
for  365  days  of  20  hours  each. 

36.  Examining  columns  0  to  F,  we  are  surprised  at  once  to 
find  that,  although  the  costs  have  necessarily  all  been  raised,  the 
general  relations  for  the  different  engines  have  been  very  little 
modified.  For  short  hours  and  low  priced  coal  the  medium 
priced  engines  show,  if  anything,  still  better  results  than  on  the 
previous  basis,  and  the  higher  priced  engines  only  show  to  advan- 
tage for  long  hours  and  high  priced  coal,  as  shown  in  column  V, 
The  results  even  in  this  column  for  the  engines  referred  to  in  the 
last  four  lines  (excluding  Z  as  before)  are  remarkably  near  uni- 
formity. 

37.  Before  drawing  further  conclusions,  it  is  desirable  to  ascer- 
tain the  effect  that  will  be  had  on  the  results  by  the  use  of  cheap 
boilers.  As  has  been  stated,  it  is  well  known  that  boilers  are  to 
be  had  in  the  market  at  a  cheaper  rate  per  horse-power  than  the 
safety  boilers  which  have  been  assumed.  A  mere  examination  of 
quoted  prices  would  make  it  appear  that  such  boilers  can  be  pur- 
chased for  $10  less  per  horse-power  than  the  safety  boilers,  but 
the  better  types  of  the  latter  have  much  more  surplus  power  than 
ordinary  types  of  boilers,  so  much  so  in  fact,  that  no  allowance 
has  been  made  in  previous  calculations  for  a  greater  boiler  power 
than  is  required  to  supply  engines  with  steam,  as  it  is  believed 
that  the  better  class  of  safety  boilers  have  so  much  surplus  power 
that  in  large  plants  one  or  two  can  be  laid  off  for  cleaning^  pur- 
poses and  the  others  take  up  the  load.  Even  less  than  the  rated 
power  can  be  purchased  in  starting  a  plant,  and  no  injury  fol- 
low from  forcing  such  boilers  so  as  to  obtain  the  power  desired. 
When,  however,  boilers  with  small  tubes,  which  furnish  heating 
surface  very  rapidly  at  reduced  cost,  are  employed,  in  general  a 
higher  rated  horse-power  must  be  furnished  for  a  particular  case, 
either  originally  or  soon  after  operations  are  started.  Moreover, 
the  cost  of  extra  steam  and  water  Ci)nnections  and  valves  will  be 
as  high  as  in  the  previous  case,  and  in  general  higher,  for  the  rea- 
son that  the  units  for  such  boilers  are  customarily  smaller.  It 
has  been  decided  to  n}ake  tlie  comparison  shown  in  Table  II.  on 
the  basis  that  boilers  will  be  employed  costing  $5  per  horse- 
power less  than  those  referred  to  in  Table  I.  and  from  the  modi- 
fication thus  shown,  the  effect  of  a  further  reduction  if  found  pos- 
sible can  be  estimated. 

38.  Table  II.  shows  in  columns  77,  Z,  P  and  T  the  total  costs 
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creases,  the  relative  cost  for  engines  of  diflferent  kinds  varies  but 
little.  At  the  $5  rate,  the  high  speed  compound  engine,  line  O^ 
has  fallen  $1.43  per  horse-power  per  year  behind  the  low  speed 
compound  engine,  line  H^  and  $2.67  behind  the  high  speed  triple 
compound,  line  /,  on  basis  assumed,  but  the  latter  with  its  lower 
assumed  original  price  and  higher  coal  consumption  is  holding 
its  own  substantially  with  the  higher  priced  compound  engine, 
line  J,  The  same  relations  practically  hold  for  20  hours  per 
day  with  cheap  coal,  and  it  is  not  until  we  reach  column  N  ior 
20  hours  per  day  and  coal  at  $5  per  ton  that  the  higher  priced 
engines  (rejecting  as  before  line  L )  show  any  decided  superiority, 
and  even  under  these  circumstances  the  difference  is  compara- 
tively not  great. 

35.  We  next  examine  columns  0  to  V  inclusive,  which  show 
the  total  cost  per  net  horse-power  per  year  for  electric  railroad 
and  other  variable  work  requiring  hO%  extra  plant  to  obtain  on 
the  average  500  horse-power.  That  is,  it  must  be  supposed  that 
a  750  horse-power  plant,  or  the  larger  portion  of  tlie  same,  leav- 
ing one  unit,  perhaps,  for  emergencies,  is  employed  during  the 
times  of  heavy  traffic,  and  that  at  other  times  the  power  is  less 
than  500  horse-power  so  as  to  maintain  the  average.  In  making 
this  comparison,  the  cost  of  fuel  and  labor  per  average  horse- 
power has  not  been  increased.  Very  great  variations  of  load 
would  certainly  change  these  items,  but  as  all  cf)nditions  cannot 
be  provided  for  in  one  table,  it  may  be  assumed  that  the  charge 
for  fuel  in  the  first  part  of  the  table  is  rather  high  for  uniform 
loads,  and  that  charges  for  both  fuel  and  labor  have  not  been 
exceeded  for  the  conditions  involving  surplus  plant  in  the  second 
part  of  table.  The  insurance  in  the  latter  case  has,  however, 
been  increased  to  \\%  as  an  average  on  engines,  boilers  and  build- 
ings. The  engine  renewals  have  also  been  increased  to  4^^  and 
the  boiler  renewals  to  5^r.  These  latter  allowances  are  believed 
to  be  more  nearly  correct  than  those  first  assumed  for  many 
kinds  of  work.  There  are  individual  cases  of  boilers  and  engines 
lasting  a  long  time,  but  in  many  cases  the  necessary  changes  in 
the  character  of  the  work  done,  requires  a  change  of  steam  plant, 
so  it  is  safer  to  charge  off  for  renewals  a  sufticient  sum  to  pro- 
vide for  conditions  other  than  the  actual  wearing  out  of  the 
apparatus.  In  any  case  we  think  it  will  be  granted  that  these 
allowances  are  none  too  large  for  electric  light  plants.  The 
comparisons  arc  as  before  on  the  basis  of  coal  costing  $2,  $3,  $4 
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and  $5  per  ton,  first  for  308  days  of  10  hours  each  and  second 
for  365  days  of  20  hours  each. 

36.  Examining  columns  O  to  Fi  we  are  surprised  at  once  to 
find  that,  although  the  costs  have  necessarily  all  been  raised,  the 
general  relations  for  the  different  engines  have  been  very  little 
modified.  For  short  hours  and  low  priced  coal  the  medium 
priced  engines  show,  if  anything,  still  better  results  than  on  the 
previous  basis,  and  the  higher  priced  engines  only  show  to  advan- 
tage for  long  hours  and  high  priced  coal,  as  shown  in  column  V, 
The  results  even  in  this  column  for  the  engines  referred  to  in  the 
last  four  lines  (excluding  Z  as  before)  are  remarkably  near  uni- 
formity. 

37.  Before  drawing  further  conclusions,  it  is  desirable  to  ascer- 
tain the  effect  that  will  be  had  on  the  results  by  the  use  of  cheap 
boilers.  As  has  been  stated,  it  is  well  known  that  boilers  are  to 
be  had  in  the  market  at  a  cheaper  rate  per  horse-power  than  the 
safety  boilers  which  have  been  assumed.  A  mere  examination  of 
quoted  prices  would  make  it  appear  that  such  boilers  can  be  pur- 
chased for  $10  less  per  horse-power  than  the  safety  boilers,  but 
the  better  types  of  the  latter  have  much  more  surplus  power  than 
ordinary  types  of  boilers,  so  much  so  in  fact,  that  no  allowance 
has  been  made  in  previous  calculations  for  a  greater  boiler  power 
than  is  required  to  supply  engines  with  steam,  as  it  is  believed 
that  the  better  class  of  safety  boilers  have  so  much  surplus  power 
that  in  large  plants  one  or  two  can  be  laid  off  for  cleaning^  pur- 
poses and  tlie  others  take  up  the  load.  Even  less  than  the  rated 
power  can  be  purchased  in  starting  a  plant,  and  no  injury  fol- 
low from  forcing  such  boilers  so  as  to  obtain  the  power  desired. 
When,  however,  boilers  with  small  tubes,  which  furnish  heating 
surface  very  rapidly  at  reduced  cost,  are  employed,  in  general  a 
higher  rated  horse-power  must  be  f  nruislied  for  a  particular  case, 
either  originally  or  soon  after  operations  are  started.  Moreover, 
the  cost  of  extra  steam  and  water  connections  and  valves  will  be 
as  high  as  in  the  previous  case,  and  in  general  higher,  for  the  rea- 
son that  the  units  for  such  boilers  are  customarily  smaller.  It 
has  been  decided  to  make  tlie  comparison  shown  in  Table  II.  on 
the  basis  that  boilers  will  be  emy)loyed  costing  §5  per  horse- 
power less  than  those  referred  to  in  Table  I.  and  from  the  modi- 
fication thus  shown,  the  effect  of  a  further  reduction  if  found  pos- 
sible can  be  estimated. 

38.  Table  II.  shows  in  columns  77,  Z,  P  and  T  the  total  costs 
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per  horse-power  per  year  shown  in  colnmns  of  corresponding 
nnmbers  in  Table  I.,  all  being  on  the  basis  of  coal  at  $3  per  ton ; 
the  first  two  named  being  for  the  10  honrs  and  20  hours  day 
without  surplus  power,  and  the  last  two  named  being  for  the  10 
hours  and  20  hours  day  with  surplus  power.  In  connection  with 
these  columns  and  distinguished  by  the  same  letters  marked 
6ub-l  are  corresponding  columns  showing  the  costs  per  net  horse- 
power per  year  with  the  interest  and  other  charges  affected  by 
the  first  cost  reduced  proportionally  to  a  reduction  of  $5  per 
commercial  horse-power  on  the  original  cost  of  the  boilers.  An 
examination  of  the  parallel  columns  shows  at  once  that  the  effect 
has  been  to  favor  the  engines,  requiring  the  use  of  most  fuel,  for 
the  evident  reason  that,  as  they  require  more  boiler  power  for  a 
given  net  power,  the  reduction  for  them  is  proportionally  greater 
than  for  the  higher  priced  engines.  The  differences  are  compara- 
tively not  great,  but  sufficient  to  show  the  effect  of  reduction  in 
this  direction.  The  same  effect  would  result  from  reducing  not 
only  the  cost  of  coal  as  previously  stated,  but  the  cost  of  hand- 
ling and  firing  the  same. 

39.  Evidently,  however,  any  decrease  found  possible  in  the 
cost  of  engines  or  of  the  numerous  attachments  and  appurtenan- 
ces necessary  or  claimed  to  be  necessary  in  connection  with  a 
steam  plant,  and  which  do  not  increase  in  cost  proportionally  to 
the  commercial  horse-power,  will  decrease  the  interest  charges  in 
a  higher  proportion  for  the  more  economical  engines  and  thus  se- 
cure economy  botU  by  saving  of  fuel  and  by  saving  of  interest. 
These  considerations,  though  not  governing  ones,  since  interest 
is  only  one  item  of  expense,  show  the  desirability  of  exercising 
careful  judgment  in  the  details  of  a  steam  plant.  There  will  be 
no  economy  in  selecting  poor  material  or  in  hurrying  matters  so 
as  to  secure  cheap  work.  Everything  must  be  of  the  best  in  the 
sense  of  being  the  best  adapted  for  the  purpose.  The  tendency 
to  put  in  numerous  details,  each  by  itself  of  small  cost,  needs, 
however,  to  be  checked,  as  such  items  amount  in  the  aggregate  to 
a  large  sum.  It  is  recommended  that  the  purchase  of  the  va- 
rious devices  which  are  being  urged  upon  the  owners  of  steam 
plants  should  not  be  consummated  unless  they  will  surely  save, 
say,  25^  of  their  cost  annually.  It  will  be  observed  that  the  col- 
umns of  the  table  foot  up  a  percentage  proportioned  to  more 
than  two-thirds  of  this,  and  as  the  attention  and  repairs  of  mis- 
cellaneous apparatus  is  great,  the  additional  percentage  is  not  only 
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thonght  to  be  warranted  but  to  be  perhaps  insufficient  in  some 
eafiOB. 

40.  The  rules  adopted  for  calculating  the  various  columns  of 
Table  I  are  shown  by  algebraic  formulae  the  notation  being  in 
terms  of  the  letters  designating  the  several  columns. 

41.  The  comparison  shows  the  non-condensing  engines  inferior 
at  every  point  to  condensing  engines,  and  even  if  better  resulta 
be  obtained  for  the  former  in  certain  cases,  still,  as  has  been  re- 
ferred to  before,  the  principal  difference  will  be  found  by  causing 
the  quantities  in  column  f^  Table  I,  to  approximate  more  nearly 
to  the  minimum  quantities  in  column  e.  Some  forms  of  enginea 
undoubtedly  accomplish  this,  but  it  is  believed  that  the  quanti- 
ties stated  are  nearly  correct  for  average  good  practice,  with  vari- 
able loads.  Non-condensing  engines  are  wasteful  of  fuel  when 
heavily  loaded  on  account  of  low  expansion  and  at  light  loads  the 
back  pressure  forms  a  large  proportion  of  the  total  resistance,, 
whereas  condensing  engines  will  maintain  their  economy  through 
a  wider  range  on  account  of  the  reduction  of  the  back  pressure. 
The  back  pressure  must  particularly  affect  the  economy  of  the 
new  triple  compound  engines  when  used  non-condensing.  It 
does  not  seem  possible  that  such  engines  used  non-condensing  can 
for  irregular  loads  show  any  economy  over  well  designed  com- 
pound engines  operated  non-condensing,  unless  the  steam  pressure 
is  carried  to  200  pounds  or  upward,  and  the  size  of  the  cylinders 
carefully  proportioned  to  the  average  load. 

42.  It  may  be  claimed  that  it  is  unnecessary  to  add  10^  for  in- 
terest and  dividends,  for  the  reason  that  nearly  every  large  owner 
of  steam  machinery  can  borrow  a  large  proportion  of  the  money 
required  to  construct  the  plant  at  a  much  lower  rate  of  interest. 
This  reasoning  is  good  in  some  cases  and  not  in  others.  If  the 
manufacturer  can  in  his  regular  business  pay  10%  or  more  on 
the  capital  invested,  it  is  more  economical  for  him  to  use  hia 
credit  and  borrow  money  to  extend  his  business  than  to  put  such 
money  into  a  steam  plant  at  a  lower  rate.  For  such  conditions 
there  is  no  question  but  that  every  expenditure  should  be  charged 
at  10^  or  upward.  The  case  is  different  with  municipalitiea 
which  can  borrow  money  at  Z%  and  V/i,  but  this  after  all  will 
not  make  a  great  difference  in  the  results,  as  interest  is  only  one 
of  several  items  of  cost  independent  of  coal.  If  instead  of 
adding  10%  for  interest  and  dividends  in  column  D  we  add  only 
5^,  the  difference  between  the  amounts  so  added  for  different 
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engines  is  very  small ;  for  instance,  it  would  make  only  42  cents 
per  horse-power  per  year  diflEerence  in  engines  in  lines  /and  J^ 
which  is  exactly  the  difference  between  the  total  cost  per  horse- 
power per  year  for  these  engines  with  coal  at  $3  per  ton  as 
shown  by  column  H.  That  is,  for  this  particular  comparison 
the  cheaper  of  the  two  engines  is  42  cents  per  horse-power  per 
year,  more  economical  when  10^  is  added  and  of  the  same 
economy  when  only  b%  is  added.  If  we  compare  the  engines 
referred  to  on  lines  /  and  K  in  column  77",  we  find  that  the  cost 
per  horse-power  per  year  is  47  cents  less  for  the  former,  with 
10%  added  for  interest  and  dividends,  and  that  the  latter  is  20 
<»nts  per  horse-power  per  year  more  economical  if  only  5^  be 
added  for  interest  and  dividends. 

43.  It  is  true  also  that  the  %^%  added  for  inspection  and  loss 
of  interest  during  construction,  in  column  ?,  would  probably  not 
be  expended  in  making  additions  to  a  whole  plant,  though  rather 
insuflScient  than  otherwise  for  original  construction.  The  rejec- 
tion of  this  item  will  not,  however,  make  a  great  difference.  It 
has  not  been  included  in  ascertaining  the  cost  of  insurance,  taxes 
and  renewals,  shown  in  column  C  and  if  iO%  of  the  increase  be 
charged  in  column  D  it  is  only  \Q%  of  %\%  or  .85  of  1%^ 
and  so  would  affect  the  result  only  about  one-sixth  as  much  as  the 
former  presentation. 

44.  A  little  more  careful  examination  of  the  table  shows,  as 
was  substantially  stated  at  the  outset,  that  it  is  not  the  interest 
charges  which  principally  cause  equalization  of  total  costs  in  the 
operation  of  engines  of  different  kinds.  The  principal  difference 
is  due  to  the  fact  that  all  the  other  expenses  except  coal  and  in- 
terest, are  very  nearly  constant  and  the  interest  intensifies  the  dif- 
ference by  directly  neutralizing,  so  far  as  it  goes,  the  economy 
due  to  decreased  coal  consumption.  This  is  made  more  clear  by 
the  following  tabular  presentation  : 

45.  The  table  shows  that  the  collateral  charges,  line  (2),  except- 
ing interest,  are  substantially  the  same,  and  about  equal  to  cost 
of  coal,  Col.  (1),  for  the  economical  engines,  and  that  the  slight 
increase  of  interest,  line  (4),  for  the  more  economical  engines 
tends  to  neutralize  the  sli<2:ht  increase  of  economy  of  coal  shown 
on  line  1,  so  that,  though  the  costs  for  engine  /still  remain  less 
than  those  for  engine  G^  they  are  also  less  than  for  the  more 
economical  engine  K. 

46.  In  conclusion  we  will  say  that  when  this  investigation  was 
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(t)    The  costs  of  coal  at  S^.oo  per  ton,  Col.  r« 
for  a  ten  hours  day  are  for  engines 
stated  in  the  headings  at  the  right. 

I19.0Q 

%  «-57 

♦9.84 

$8.91 

^)    The  collateral  operating   expenses,  ex- 

cluding interest,  are 

(Line  E-UtM  D) 

10.69 

9.18 

9.06 

9.11 

(3)    The  interest  charges.  Col.  />,  are     -      - 

6.3Q 

5.6. 

5.95 

7.30 

(4)    The  total  cosu,  Col.  /T,  are      -     -      - 

36.17 

36.36 

24.85 

25.31 

institnted  it  was  believed,  as  had  indeed  been  hinted  by  others 
and  proved  for  extreme  cases,  that  under  some  conditions  fs  to 
the  relative  prices  of  economical  types  of  steam  machinery  com- 
pared to  price  of  coal  and  number  of  hours  operation,  the  saving 
in  fuel  would  not  warrant  the  increase  of  first  cost,  but  it  was 
not  known  that  this  would  occur  within  the  limits  of  ordinary 
practice  as  the  comparison  shows.  It  is  hoped  that  the  conclu- 
sions and  the  facts  upon  which  they  are  based  will  be  very  closely 
examined  by  engineers  and  manufacturers,  and  any  facts  or 
reasons  confirming  or  varying  such  conclusions  be  fully  pre- 
sented and  discussed. 

47.  This  paper  should  not  be  considered  a  criticism  of  the 
practice  or  views  of  others,  or  serve  to  discourage  the  higher  de- 
velopment of  the  steam  engine.  On  the  contrary,  an  investiga- 
tion of  this  kind,  whatever  the  result,  is  calculated  to  broaden 
the  view  by  taking  into  consideration  more  of  the  conditions  of 
the  problem,  and  thereby  enabling  the  engineer  to  secure  the 
best  results  for  each  particular  case.  The  tables  do  show  for 
short  hours  or  low  priced  coal,  or  both,   that  types  of  steam 
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machinery  to  secure  the  greatest  economy  of  fuel  are  not  war- 
ranted, but  by  the  same  tables  it  is  found  that  for  longer  hours 
and  the  higher  prices  of  coal  considered,  the  more  expensive 
machinery  begins  to  show  a  commercial  advantage  which  evi- 
dently increases  as  the  price  of  fuel  increases.  In  some  cases 
other  conditions  must  be  included  for  a  complete  solution  of  the 
problem.  For  instance,  in  large  steamers  making  long  voyages 
economical  machinery  secures  in  addition  to  the  saving  in  the 
cost  of  fuel,  a  saving  in  the  space  required  to  carry  the  machinery 
and  fuel,  and  thus  increases  almost  in  a  geometrical  ratio  the  effi- 
ciency of  the  ships.  This  may  not  be  true  for  vessels  making 
very  short  trips,  or  stopping  a  large  proportion  of  the  time  in 
port.  The  very  large  expenditures  made  by  some  mining  com- 
panies to  save  fuel  by  the  use  of  expensive  steam  machinery  of 
special  design,  has  been  fully  warranted  by  the  long  hours  and 
and  high  price  of  coal.  The  enormous  mechanical  operations  at 
the  Calumet  &  Hecla  mines  gave  the  profession  unequalled  op- 
portunities, which  have  been  grasped  in  the  most  creditable  man- 
ner by  our  distinguished  co-laborer  in  the  engineering  field,  Mr. 
E.  D.  Leavitt,  who  has  reared  there  a  series  of  remarkable  mon- 
uments of  engineering  skill  with  an  expense  warranted,  doubt- 
less, by  the  conditions.  The  development  of  the  great  West  is, 
however,  now  so  modifying  the  conditions  that  a  change  of 
policy  may  be  initiated  even  at  the  Calumet  &  Hecla  mines  in 
the  near  future.  During  a  recent  business  investigation  with 
an  electrical  outlook,  the  writer  ascertained  that  the  prices  of 
coal  in  Duluth  and  Superior,  beyond  the  Calumet  &  Hecla  penin- 
sula, are  even  now  reduced  nearly  to  those  ruling  on  the  sea- 
board, which  result  has  been  brought  about  by  the  construction 
and  operation  of  large  whaleback  steamers  which  take  wheat 
eastward  and  coal  on  their  return  trips. 

48.  Until  quite  recently  the  construction  of  pumping  engines 
of  special  design  and  expensive  construction  was  warranted,  even 
for  locations  near  lines  of  communication  with  coal  fields.  At 
present,  however,  pumping  engines  of  good  economy  are  being 
manufactured  regularly,  as  a  business,  at  a  comparative  cost  that 
will  make  the  still  more  economical  but  much  more  expensive 
machinery  less  in  demand  than  formerly.  The  further  perfec 
tion  of  the  steam  engine  will  not  be  hindered  by  these  facts,  for 
with  the  development  of  our  mining  industries  at  great  distances 
from  the  coal  fields,  the  closest  economy  in  the  use  of  fuel  will 
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secure  the  beat  commercial  results.  In  order,  however,  to  secure 
such  results  for  our  growing  enterprises,  electrical  and  otherwise, 
in  the  cities  and  towns  along  lines  of  communication  already  es- 
tablished, it  is  believed  that  the  field  will  be  occupied  by  cheaper 
engines  of  simple  construction,  which,  though  not  securing  the 
maximum  economy  of  fuel,  will  so  reduce  the  capital  upon  which 
interest  and  dividends  are  to  be  paid,  as  on  the  whole  to  repre- 
sent not  only  better  commercial  policy  but  better  engineering, 
because  based  on  more  complete  conditions. 

Supplement  Relating  to  Water  Power. 

49.  It  will  be  impossible  in  this  connection  to  make  a  satisfac- 
tory comparison  of  the  relative  advantages  of  steam  and  water 
power,  under  different  conditions.  The  cost  of  steam  power  has, 
however,  in  the  previous  pages,  been  considered  on  a  somewhat 
different  basis  than  has  heretofore  been  customary,  particularly 
by  including  the  interest  and  certain  miscellaneous  charges  in  the 
operating  expenses,  making  the  minimum  practicable  cost  per 
horse-power  per  year  appear  higher  than  has  been  stated  by  oth- 
ers, so  if  the  cost  of  water  power  calculated  on  the  ordinary  basis 
were  compared  with  this  increased  cost  of  steam  power  it  would 
cause  the  water  power  to  show  an  unwarranted  advantage.  It, 
therefore,  appears  necessary  to  make  a  brief  examination  in  the 
form  of  an  inquiry  as  to  what  amount  can  be  paid  for  the  develop- 
ment of  a  water  power  in  competition  with  steam  power.  The 
average  cost  of  developing  a  water  power  cannot  be  based  on 
locations  where  the  natural  conditions  are  specially  favorable,  nor 
on  a  case  like  that  at  the  Falls  of  St.  Anthony,  where  an  enor- 
mous water  power  was  developed  at  a  minimum  expense  amid 
surroundings  apparently  permanent  to  those  who  had  not  studied 
former  recessions.  In  due  time,  however,  the  water  undermined 
the  hard  limestone  cap  defining  the  falls,  which  had  already  been 
worn  through  above,  and  started  a  new  channel  through  the  un- 
derlying sandstone,  thereby  threatening  to  change  the  falls  into 
a  series  of  rapids  extending  miles  up  stream,  when  by  the  inter- 
vention of  the  general  Government  and  the  use  of  large  appro- 
priations, on  the  plea  of  preserving  navigation,  with  some  priv- 
ate contributions,  a  concrete  dike  or  dam  was  built  in  a  cross  tun- 
nel in  the  sand  rock  back  of  the  falls,  from  a  firm  foundation  up 
to  the  limestone  cap,  and  the  falls  and  incidentally  the  water 
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during  more  than  60  hours  per  week,  and  the  dams  are  so  large 
that  during  low  water  little  water  is  wasted  and  a  larger  power 
CD  a  10-hour  basis  is  utilized,  which  fact  together  with  the  use  of 
surplus  water  when  available,  probably  brings  the  net  power 
available  at  Lawrence  up  to  13,000  horse-power  on  a  10-hour  basis 
throughout  the  year,  and'  somewhat  more  at  Lowell. 

51.  On  the  basis  of  a  cost  of  $1,000,000  the  general  plant  at 
Lawrence  has  therefore  cost  about  $77  per  horse-power  and 
winewhat  more  at  Lowell.  Independ  nt  of  this,  the  mill  owners 
have  incurred  large  expenses  in  erecting  turbines  and  hydraulic 
connections  from  the  head  canals  to  the  lower  levels.  These 
costs  have  been  estimated  by  Mr.  Main  at  $45  per  horse-power, 
including  provision  for  surplus  water,  or  an  average  of  $65  per 
horse-power  for  the  average  power  utilized.^  Adding  this  to 
$77,  the  general  cost  stated  above,  we  find  that  the  total  cost  of 
developing  the  water  power  on  the  Merrimack  has  been  about 
$142  per  horse-power,  which  it  will  be  shown  is  about  the  limit 
of  cost  at  which  water  power  can  be  developed  in  competition 
with  steam.  The  Merrimack  owners  are,  however,  obliged  to 
add  to  this  cost  the  greater  part  of  the  cost  of  a  steam  plant  for 
use  when  there  is  no  surplus  water,  which  still  further  increases 
the  capital  account. 

52.  It  has  long  been  known  that  the  water  power  on  the  Mer- 
rimack had  cost  so  much  for  development,  that  could  the  expen- 
ditures be  recalled  it  would  be  more  economical  to  locate  where 
coal  can  be  obtained  at  cheaper  rates,  and  steam  power  used  exclu- 
sively. This  was  true  before  mill  engines  were  constructed  as 
economically  as  at  present.  Now  the  preponderance  is  so  great, 
that  unavoidable  errors  of  fact  as  to  the  details  of  the  original 
costs  will  not  change  the  illustrative  value  of  the  presentation. 
It  is  true,  notwithstanding  these  facts,  that  a  new  water  power  is 
being  developed  at  Sewall  Falls,  near  C'uncord,  N.  H.,  but  it  ap- 
pears to  be  limited  to  the  low  water  flow  of  the  stream,  and  it  iK 
not  known  whether  it  will  assume  part  of  the  original  cost  of  the 
reservoir  systems. 

53.  The  highest  allowable  cost  for  the  complete  development 


I.  ••  The  Value  of  a  Water  Power,"  by  Chas.  T.  Main,  vol.  xiii  Traht^.  Am. 
8oc.  M.  E.  The  price  stated  seems  high,  but  Hhould  be  kDown  to  Mr.  Mr  in 
who  resided  at  Lawrence  when  tlie  paper  was  written.  He  has,  however,  over- 
looked the  items  of  co$t  of  development  referred  to  above,  not  mentioned  by 
Prof.  Swain,  and  therefore  gives  |l80  as  the  total  cost,  instead  of  $142  stated 
in  the  text. 
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of  water  power  from  the  dam  to  the  jack-shaft  appears  to 
about  $140  per  horse-power  utilized  on  a  10  hour  basis.    If 
consider  that  accidents  are  liable  to  happen   to  the  best 
strncted  hydrauh'c  work,  we  should  charge  at  least  2i%  of 
original  cost  for  depreciation,  say  1^%  for  repairs  and  about 
for  taxes,  or  about  6^  independent  of  interest  account.     If 
on  the  principles  above  developed  we  charge  10^  to  an 
for  interest  and  dividends,  and  allow  2%  for  operating  expei 
the  total  annual  charge  becomes  17^  of  the  original  expendil 
At  an  original  cost  of  $140  per  horse-power,  17fr  represents 
annual  cost  of  $23.80,  per  horse-power  per  year,   or  about 
same  as  shown  in  the  tables  with  economical  engines,  and 
between  $2  and  $3  per  ton.     Generally,  however,  there  will 
one  company   to   furnish   water-power  and   others    to    ni 
it,  which  will  have  the  effect  of  increasing  this  17^  so  as  to  mi 
the  balance  in  favor  of   steam  somewhat  greater.     This 
ment  of  course  only  applies  to  conditions  where  simply  power 
required,  and  no  large  quantity  of  water  is  necessary  for  pi 
poses  other  than  for  power.     When  the  power  is  used  for 
hours  per  day  instead  of  10  hours,  a  much  greater  original 
is  permissible. 

54.  When  the  power  of  a  waterfall  is  to  be  delivered  at  % 
distance,  the  allowable  cost  of  actually  developing  the  poww 
must  be  decreased  by  that  necessary  to  transmit  the  power  anifl 
actually  deliver  it  to  a  jack-shaft  at  a  given  distance.  An  eleetik 
transmission  is  undoubtedly  the  most  economical  for  such  apar 
pose.  If  we  add  to  the  cost  of  the  electric  dynamos  that  of  ifac 
buildings,  of  the  hydraulic  connections  to  the  canals,  of  the  ti* 
bines,  of  tlie  line  and  of  the  installation,  and  finally  add  the  oofll 
of  the  motors,  so  that  the  power  is  according  to  the  assumptioc 
delivered  to  a  jack-shaft,  the  total  cost  of  what  may  be  called 
the  "  electrical  transmission  plant "  cannot  probably  at  presenl 
prices  be  put  in  for  $140  for  each  net  horpe-power  delivered, 
so  on  a  10  hour  basis  no  expenditure  could  be  allowed  for  the 
general  development  of  the  water  power,  but  only  for  the  simplest 
hydraulic  connections  to  exit-ting  canals,  etc.  If,  however,  powei 
can  be  sold  throughout  the  whole  24  hours,  more  than  double  thi 
price  can  h^  obtained  for  the  same,  and  this  will  warrant  doab 
ling  the  total  cost  of  development  unless  a  greater  percentage  el 
income  is  desired.  As  the  cost  of  the  electrical  plant  remttini 
the  same,  tlio  whole  allowable  increase  may  be  applied  to  the  de 
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velopment  of  the  hydraulic  plant,  thereby  entirely  changing  the 
conditions. 

55.  The  writer  has  not  hesitated  to  recommend  an  original  expen- 
diture of  $200  per  horse-power  for  a  combined  hydraulic  and 
electric  plant  near  large  cities,  where  not  only  the  customary  in- 
come due  to  incandescent  and  arc  lighting  and  the  use  of  small 
motors  at  high  rates  would  be  available  for  comparatively  short 
hours,  but  where  the  industries  were  such  that  large  units  of 
power  could  be  sold  at  remunerative  prices  on  a  24  hour  basis. 
Even  higher  costs  for  development  would  appear  to  be  warranted 
in  some  locations,  but  there  is  no  general  rule  on  the  subject. 
The  allowable  expenditure  in  a  particular  case  can  only  be  deter- 
mined  from  calculations  based  on  the  actual  conditions. 
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Discussion. 

The  President: — Members  of  the  Institute,  you  Lave  licard 
the  very  interesting  paper  which  lias  been  presented  by  Dr. 
Emery.  I  think  the  impression  which  many  of  you  have  re- 
ceived is  the  same  as  my  own — of  surprise  that  there  is  so  little 
difference  between  the  total  cost  of  power  for  the  different 
classes  of  steam  engines.  Any  one  who  has  been  called  upon 
to  make  a  selection  of  a  steam  plant  and  has  received  from 
fifteen  to  twenty  bids  from  different  builders,  together  with  the 
claims  for  economy  made  by  each,  has  been  much  in  doubt  as  to 
the  wisdom  of  a  final  judgment.  I  must  confess  that  I  myself 
have  often  been  confused  by  the  conflicting  claims,  and  I  think 
the  paper  which  has  been  presented  to-night  will  aid  every  engi- 
neer in  settling  these  oftentimes  puzzling  questions. 

The  conclusions  which  Dr.  Emery  has  reached  in  the  matter 
of  the  use  of  water  power  in  plants  for  the  electric  transmis- 
sion of  power  is  similar  to  that  which  I  arrived  at  some  time  ago. 
Before  I  go  into  any  details,  however,  I  shall  ask  Professor 
Forbes,  who  I  see  is  present,  and  who  by  reason  of  his  experi- 
ence  and  his  present  connection  should  be  well  qualified,  not 
only  to  give  us  his  views  upon  steam  plants,  but  particularly 
upon  combined  hydraulic  ana  electric  plants,  to  say  a  few  words 
upon  this  subject.  I  see  that  we  have  also  with  us  some  mem- 
bers of  the  American  Society  of  Mechanical  Engineers  whom 
we  wish  to  hear. 

Prof.  George  Forbes  : — Mr.  President,  since  you  are  good 
enough  to  call  upon  ine  to  make  some  remarks  I  will  rise,  but  I 
fear  that  I  shall  not  have  a  great  deal  to  say  that  will  be  of  any 
value.  The  paper  was  only  put  into  my  hands  a  short  time  be- 
fore I  arrived  here,  and  it  is  one  which  requires  a  good  deal 
more  attention  than  from  hearing  it  read  or  the  elii.'ht  glance  I 
was  able  to  give  it  before  arriving  here.  But  everybody,  1  am 
sure,  must  appreciate,  even  from  hearing  the  abstract  read  what 
enormous  importance  this  paper  is  going  to  be  to  us  all.  No  doubt 
there  are  many  others  here,  who  have  been  in  the  same  position  in 
which  [  have  been  placed  in  the  course  of  the  last  year,  who  have 
had  to  make  a  special  examination  of  this  very  question,  and  all  those 
who  have  had  to  deal  with  the  utilization  of  large  quantities  of  water 
power,  estimating  the  value  which  that  water  power  is  to  those 
who  are  exploiting  it,  must  have  been  forced  to  do  what  they 
could  to  estimate  the  value  of  the  horse- power  when  developed  in 
the  most  economical  means  by  steam  pow^er.  I  have  in  these  in- 
vestigations during  the  last  year  had  the  good  fortune  to  be  as- 
sisted by  the  experience  of  some  of  the  most  experienced  engin- 
eers in  this  country,  including  one  whom  we  all  respect,  who  is 
mentioned  by  the  author  of  this  paper,  Mr.  Leavitt ;  and  I  would 
only  say  generally  that  the  conclusions  which  have  been  come  to 
by  myseli,  and   those  who  have  given   me  their  assistance  agree 
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extremely  well  with  the  conclusions  at  which  Dr.  Emery  has  ar- 
rived. 1  must  say  that  Dr.  Emery  has  put  the  case  in  a  much 
more  general  way,  and  much  more  applicable  to  a  great  variety 
of  circumstances  that  actually  do  exist  in  practice  than  any  esti- 
mates I  have  ever  seen  of  the  actual  cost  of  the  horse-power,  and 
consequently  it  is  possible  for  us  in  any  particular  case  that  we 
are  considering,  to  pick  out  the  conditions  which  most  nearly  ap- 

f  roach  what  is  in  the  case  that  we  are  studying.  And  while 
may  say  that  some  estimates  I  have  seen  of  the  cost  of  a  horse- 
power per  annum,  especially  on  a  ten  hours'  a  day  service  come 
out  a  little  below  what  Dr.  Emery  has  produced,  1  must  add  that 
iu  those  cases  certain  it^msof  expenditure  have  been  omitted,  and 
in  the  cases  where  a  lower  estimate  has  been  arrived  at,  the  com- 
piler has  been  professedly  trying  to  produce  the  lowest  figure 
which  the  users  of  water  power  would  ever  have  to  contend 
against. 

I  would  feel  that  it  is  hopeless,  without  having  given  a  great 
deal  of  time  to  prepare  remarks  on  this  paper,  to  say  anything 
much  to  the  point.  But  I  would  ask  the  author  one  or  two 
questions  about  it.  In  the  first  place  as  to  the  cost  of  the  coal,  I 
noticed  that  the  heat  producing  power  of  the  coal  is  assumed  to 
be  the  same  in  all  cases.  Now  I  fancy  that  these  tables  may  lead 
to  a  little  misunderstanding  in  the  minds  of  some.  I  imagine 
someone  taking  up  this  table  and  saying:  "Now  what  will  it 
cost  ns  at  such  and  such  a  place  to  produce  a  horse-power  per 
annum  i  There  is  coal  purchasable  at  this  place  at  $2.00  per  ton. 
There  is  also  coal  purchasable  at  $4.00  per  ton.  He  will  natur- 
ally say:  I  will  choose  the  coal  at  $2.00  per  ton.  That  gives  him 
a  certain  definite  price  on  this  estimate  ;  but,  of  course,  the  slack 
at  $2.00  per  ton  would  only  produce  about  one-half  the  heating 
power  of  coal  at  $4.00  per  ton.  In  giving  the  price  of  coal  it 
seems  to  me  it  ought  to  be  mentioned  what  the  calorific  power 
of  the  coal  is,  and  I  would  ask  Dr.  Emery  whether  he  has  in  all 
these  cases  considered  the  calorific  ))ower  of  the  coal  practically 
the  same. 

I  would  ask  Dr.  Emery  whether  he  considers  that  500  horse- 
power is  a  sufliciently  big  amount  to  be  considered.  I  mean  are 
the  standing  expenses  of  a  600  horse-power  plant  sufliciently 
divided  over  the  power  to  make  it  fair  ?  If  you  went  to  lO.OOb 
horse-power,  for  instance,  would  the  standing  charges  be  less  in 
proportion  to  the  horse-power,  or  is  500  horse-power  suflScient  to 
take  up  the  whole  of  the  value  of  the  fixed  expenditure?  That 
is  to  say;  are  all  the  brains,  and  all  the  bodies  that  are  at  work  on 
the  plant  fully  occupied  w^ith  500  horse-power  or  would  a  larger 
unit  modify  the  result  ? 

I  will  not  take  up  the  time  of  the  meeting  with  remarks  which 
I  feel  are  not  of  very  great  value  and  1  will  only  make  a  few  re- 
marks about  the  supplementary  portion  relating  to  water  power. 
The  cost  of  putting  in  the  plant  has  been  taken  at  probably  $140 


150  EMERY  ON  STEAM  POWER.  [Match  81, 

per  horse-power  without  electrical  transmission.  Now  it  seems 
to  me  it  is  almost  an  impossible  thing  to  make  a  definite  estimate 
like  that.  The  cost  of  the  water  power  applied,  depends  so  en- 
tirely upon  the  local  conditions  in  the  first  place,  and  secondly 
upon  the  magnitude  of  them.  Where  you  have  got  a  large  heao, 
tne  cost  is  generally  very  much  less  than  where  you  have  a  very 
low  head.  When  you  nave  to  dam  up  a  river,  of  course  the  ex- 
pense per  horse-power  of  the  preliminary  work  is  generally  much 
greater  than  with  a  waterfall,  and  of  course  the  cost  of  the  actual 
turbines  is  very  much  greater  when  we  have  low  heads  than 
where  we  are  using  a  very  considerable  head.  Another  point  is 
that  the  cost  per  horse-power  in  the  use  of  water  power  dimin- 
ishes enormously  with  tlie  magnitude  of  the  works.  Wlien  you 
are  dealing  with  100,000  h.  p.  the  cost  for  each  horse-power  be- 
comes very  much  less  indeed.  I  should  sav  that  this  $140  was  a 
price  that  would  be  fair  for  a  moderate  lall,  and  for  very  few 
thousand  horse-power.  But  when  you  come  to  larger  amounts  I 
think  it  would  be  considerably  less. 

The  concluding  paragraph  of  the  paper  I  most  thoroughly  agree 
with,  as  to  there  being  many  cases  wliere  $200  per  horse- power 
would  be  not  too  expensive  in  order  to  start  work  for  the  com- 
bined hydraulic  and  electrical  plants  in  large  cities ;  also,  I  agree 
with  the  writer's  remarks  that  every  single  case  must  be  computed 
from  the  beginning,  and  the  comparison  made  depending  on  the 
particular  conditions  of  the  particular  place. 

The  President  : — I  wish  to  say  a  few  words  concerning  the 
transmission  of  power  by  electricity  over  long  distances  with 
water  power  as  the  prime  source  of  energy.  I  have  always  tried 
to  avoid  being  over-enthusiastic  in  dealing  with  a  commercial 
question  of  this  character.  The  habit  is  too  common  to  assume, 
now  that  electric  transmission  is  a  possibility,  that  possession 
of  a  water  power  is  necessarily  something  of  a  bonanza,  and  that 
all  that  is  necessar}^  to  convert  it  into  tangible  w^ealth  are  a  few 
electrical  adjuncts.  Both  the  economies  and  the  possibilities  in 
electric  transmission  are  overstated,  too  many  conditions  are  over- 
looked, too  many  possibilities  of  failure  ignored.  I  made  the 
statement  some  years  ago  that  it  was  very  questionable  whether  in 
an  ordinary  case,  transmission  from  a  water  power  to  a  city  20  to 
25  miles  away  with  recon  version  in  a  sub-station  and  re-distnbution 
for  lighting  or  power  purposes,  was  an  attractive  commercial  enter- 
prise, and  that  if  a  man  wished  to  distribute  power  in  a  manufac- 
turing district  he  would  probably  do  better  to  put  in  a  well  equipped 
steam  plant  of  larere  size,  well  located  with  regard  to  railroad 
facilities,  with  supply  of  coal  at  reasonably  low  rates,  and  distrii)- 
uting  at  a  constant  potential  of  500  to  600  volts,  than  he  would  to 
attempt  to  replace  the  steam  plant  by  a  system  of  electric  trans- 
mission with  water  power  behind  it  20  miles  away.  I  believe 
the  general  statements  which  Dr.  Emery  has  given  here  to-night 
confirm  this  conclusion,  and  that  we  should  avoid  expecting  too 
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mnch  from  the  transmidsion  of  power  by  electricity.  I  am  not 
authorized  to  make  any  statement  concerning  the  intentions  of 
the  promoters  of  tlie  enterprise  with  which  the  last  speaker  is 
connected,  but  I  believe  that  I  am  safe  in  saying  that  this  great 
development  of  water  power  of  Niagara  Falls,  which  is  so  inter- 
esting from  the  standpoint  of  the  hydraalic  engineer,  is  not  de- 
signed so  much  for  transmission  of  power  to  a  distance  as  it  is  for 
local  transmission,  and  for  the  local  development  of  manufactur- 
ing industries  requiring  large  units  of  power.  The  electric  rail- 
way engineer  is  frequently  called  upon  to  pass  upon  the  question 
whether  for  railroad  purposes  it  is  possible  to  use  water  powers 
even  10  or  15  miles  away  from  the  centres  of  distribution,  and  he 
cannot  but  appreciate  the  lack  of  sound  information  upon  that 
subject,  and  the  folly  of  many  of  the  visionary  assumptions  made 
by  railway  managers  with  regard  to  this  problem. 

Pbof.  Fobbes  :— Might  I  say,  as  a  sequel  to  what  you  have  just 
stated,  of  course  the  question  of  the  cost  of  the  work  at  Niagara, 
we  have  worked  out  very  fully  and  I  think  I  may  say  that  we 
know  what  it  is  going  to  cost,  both  the  electrical  transmission  to 
Buffalo  and  everything,  but  you  will  readily  see  that  it  is  hardly 
possible  for  me  to  speak  very  freely  about  that  just  at  the  present 
time.  But  as  to  the  question  of  transmission  to  a  distance,  al- 
though it  is  naturally  the  desire  of  those  associated  with  it  to 
develop  the  power  in  the  immediate  vicinity,  in  the  meantime 
the  extra  cost  of  transmission  to  a  distance  of  15  or  20  miles  is 
almost  insignificant.  When  the  details  of  these  plans  are  pub- 
lished you  will  be  astonished  to  see  what  a  very  little  difference 
that  really  does  make  when  we  come  to  the  actual  machinery  that 
will  be  put  down. 

The  Pbesident  : — Perhaps  I  do  not  make  myself  sufficiently 
clear  in  that  matter.  Take  the  case  at  Buffalo  for  example;  let 
us  see  how  electricity  is  used  there.  There  are,  generally  speak- 
ing, the  arc  and  incandescent  light  plants,  the  stationary  power 
service  and  the  railroad  systems.  The  arc  lamps  run  on  constant 
current  circuits  with  varying  potential.  Some  of  the  incandes- 
cent lights  probably  run  on  alternating  current  circuits ;  others 
run  on  110  and  220  constant  potential  circuit.  Railway  motors 
run  in  a  500  volt  constant  potential  circuits.  These  various 
systems  of  distribution  are  distinct  in  themselves.  They  have 
practically  but  one  thing  in  common,  that  is,  they  are  driven  by 
steam  engines.  The  moment  you  leave  the  belt  of  the  steam 
engine  or  its  coupling  and  go  to  the  dynamo,  the  character  of  the 
transmission  is  changed.  Now  to  operate  these  various  systems 
from  a  distant  source  of  power  there  is  only  one  thing  that  is 
practically  possible,  that  is  to  substitute  for  the  boilers  and  engines 
in  the  several  stations  represented  by  different  iinancial  interests, 
or  in  some  common  station  controlled  by  all,  motors  driven  by 
the  electric  plant  20  miles  away,  which  is  in  turn  driven  by  tur- 
bine wheels.     The  substitution  of  the  secondary  part  of  this  plant 
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is  not  practicable ;  it  has  a  character  determiued  bv  tlie  local 
demands  and  conditions.  There  is  undoubtedly  a  neld  for  the 
transmission  over  long  distances  of  large  units  oi  power  for  spe- 
cial purposes,  and  also  under  conditions  where  the  cost  of  coal  is 
prohibitory  and  where  perhaps  it  cannot  be  obtained  at  all,  but  I 
think  that  from  a  general  commercial  standpoint  the  statement 
I  have  made  will  be  found  correct  in  practical  experience. 

I  appreciate  that  Professor  Forbes  is  in  a  somewhat  delicate 
position  in  speaking  of  what  is  to  be  done  at  the  Niagara  plant, 
and  perhaps  I  ougfit  not  to  have  suggested  so  plainly  that  he  was 
somewhat  better  posted  than  most  of  us  as  to  the  actual  cost  of 
transmission  for  the  distMuces  in  question,  and  for  the  larger  units. 

I  understand  that  Mr.  McElroy  is  present.  If  so,  we  should  be 
glad  to  have  the  pleasure  of  hearing  from  him. 

Mr.  Samuel  McElroy  : — To  an  engineer  who  has  l)een  a 
long  time  in  practice,  a  paper  like  this,  replete  with  the  study  of 
a  profoundly  analytical  mmd,  comes  not  only  as  a  most  valuable 
contribution  to  its  subject  matter,  but  as  a  characteristic  index  of 
the  professional  progress  of  the  day. 

The  time  when  many  professional  men  were  much  troubled 
with  petty  personal  jealousies,  and  with  the  idea  that  their  shop 
secrets  were  their  most  valuable  stock  for  employment,  has  hap- 
])ily  been  changed.  The  advanced  progress  of  science,  keeping 
step  with,  but  always  in  advance  of,  the  material  progress  of^  the 
country,  and  the  beneficial  results  of  society  life,  have  done  much 
to  improve  the  systems  of  nmtual  help,  and  to  broaden  the  stand- 
ards of  professional  service,  and  the  result,  as  one  of  various  indi- 
cations, is  shown  in  papers  which  condense  in  a  few  columns,  a 
wide  range  of  experimental  and  practical  research  and  result,  for 
the  direct  benefit  of  professional  brethren. 

We  have  then,  rising  above  the  class  which  is  content  with  a 
low  standard  of  wor);,  and  adds  little  to  the  general  fund  of  in- 
formation ;  and  the  cIhss  which  dwells  continuously  in  the  con- 
fined atmosphere  of  school-boy  mathematics,  rapidly  developing 
into  splendid,  aggressive  life,  the  men  of  true  professional  dig- 
nity;  who  neglect  n»  details  which  involve  principles,  but  give 
principles  their  true  rank.  These  are  the  burners  of  midnight 
oil ;  men  who  love  their  work  for  its  own  sake,  and  not  for  what 
it  pays;  who  are  too  liii]:h-minded  to  waste  time  in  personal  jeal- 
ousies ;  students  too  anient  to  turn  aside  for  common  places  ;  and 
ever  ready  to  put  their  most  valuable  acquisitions  at  the  service 
of  their  ])rofessional  brethren,  as  such  papers  as  this  illustrates. 

One  of  the  sj^ecially  valuable  features  of  this  paper  is  its  care- 
ful condensation  into  a  brief  space,  of  a  wide  ranire  of  experimen- 
tal practice,  and  how  a  wide  gnisj)  of  such  practice  simplifies  ap- 
parently contradictory  or  complicated  conditions,  every  exper- 
ienced engineer  leanis,  the  more  he  learns. 

In  the  feverish  spirit  of  the  day,  which  for  want  of  just  this 
balance  of  forces,  tends  to  run  to  excesj^  after  every  new  theory, 
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very  great  wa«te  of  time  and  money  is  made,  which  better  habits 
of  concrete  analysis  would  have  corrected.  We  go  through  spas- 
modic public  excitements  often,  which  are  only  spasmodic.  Not 
80  very  long  ago,  the  whole  railway  world  whs  astir  over  the 
merits  of  the  "  broad  gauge"  railroad  track,  and  trunk  lines  like 
the  Erie  and  others,  must  have  six  and  ^even-feet  gauges. 
Some  vears  after,  the  same  fever  ran  to  a  three  and-a-half  feet 
gauge  ;  and  it  is  only  lately  that  common  sense  has  brought  our 
general  railway  system  into  standard  gauge,  and  even  this,  the 
pedagogues  of  the  profession,  are  continually  tanipering  with. 

The  question  of  cost  of  steam  power,  in  itself,  and  as  developed 
by  different  classes  of  engines  adopted,  or  now  being  adopted,  is 
here  carefully  analyzed  in  its  proper  commercial  condition. 
Steam  power,  we  see  here,  means  something  more  than  a  boiler, 
a  cylinaer  and  a  line  of  shafting.  It  means  not  only  boiler  plant 
and  co;t,  with  all  the  accessories  ;  not  only  engine  plant  and  at- 
tachment ;  engine  house,  chimney,  and  ap])urtenances  ;  coal  sup- 
ply, combustion  rate,  and  cost ;  but  other  conditions  are  import- 
ant. There  are  daily  operation  as  to  running  time  ;  relative  en- 
gine friction  ;  pressure  economy  ;  feed  water  temperature,  evap- 
oration, spare  pipes  and  valves;  repair,  depreciation,  supplies; 
interest  on  construction  and  plant ;  inspection,  insurance,  taxes, 
dividends,  surplus  power  and  like  conditions,  which  enter  into  the 
general  problem  of  use  and  cost,  and  are  here  carefully  analyzed 
and  tabulated. 

As  to  these  analyses,  their  basis  of  arrangement  is  so  clearly 
explained  that  special  corrections  for  special  cases  can  readily  be 
applied 

As,  in  my  own  expert  practice,  I  have  frequently  been  required 
to  demonstrate  the  economy,  fitness,  and  special  value  of  water 
power,  if  I  should  venture  any  opinion  on  the  valuable 
analysis  here  made,  of  comparative  steam  and  water  power,  it 
would  be  to  say  only  this  : 

That  it  is  quite  certain  that  water  falls  and  flows  to  the  sea,  by 
gravity,  much  more  cheaply  than  coal  can  be  mined,  and  is  likely 
to  outlast  coal ;  that  water  power  plant  is  far  less  expensive,  as  a 
rule,  than  that  of  steam,  ana  its  daily  care  much  less  expensive  ; 
that  at  the  centres  of  such  power,  Lowell,  Lawrence,  Holyoke, 
Cohoes,  etc.,  their  common  annual  rental  of  about  $20  per  n.  p. 
(ordinary  mill  day),  ha«  induced  the  most  elaborate  outlay  of 
capital,  and  resulted  in  very  remunerative  income. 

1  think,  therefore,  that  on  general  analysis,  water  power  does 
not  cost  as  much  as  steam.  While  it  must  be  admitted  that  very 
expensive  reservoirs  and  other  structures,  as  at  Lowell  and  Law- 
rence, aggregate  what  Dr.  Emery's  analysis  shows ;  yet  at  Lowell 
the  Central  Pacific  mill  prefers  in  low  runs  to  pay  §60  per 
H.  p.  for  surplus  water,  to  usin^  its  own  steam  plant;  that  for 
somewhat  large  consumption  of  special  power,  $3.00  per  week  is 
a  common  steam  power  price  at  Lowell,  Boston,  New  York  and 
other  places. 
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The  es  iinated  cost  of  development  on  the  Hydraulic  Tunnel 
of  Niagara  is  about  $2,238,750  for  a  capacity  of  119,000  h.  p.,  or 
about  $10.50  per  n.  p.,  for  slopewalls,  cribs,  races  and  gates,  and 
tunnel.  The  rates,  as  published,  are  for  5,000  h.  p.  or  over,  $10 
per  H.  p.  per  year;  4,500  h.  p  ,  $10.50 ;  4,000  h.  p.,  $11,  down 
to  300  u.  p.,  $21.  On  the  old  Hydraulic  Canal,  powers  have  been 
leased  as  low  as  $4  for  600  to  1,000  h.  p.,  and  $5.30  for  250  to 
300  H.  p.  Such  leases  are,  of  course,  improperly  cheap,  as  are,  in 
fact,  the  general  rates  of  the  new  tunnel. 

On  the  Kennebec  River,  Maine,  I  found  a  working  power,  at 
Carritunk  Falls,  under  28  feet  fall,  of  about  7,000  h.  p.  TJhis 
river,  on  its  upper  basins,  has  remarkable  natural  reservoirs  of 
about  229  square  miles,  with  about  six  feet  available  storage,  in  a 
main  basin  of  2,860  square  miles.  A  main  dam  of  80  feet  con- 
trols the  flow,  and  nature  has  singularly  formed  the  races  and 
wheel  pit ;  so  that  the  cost  of  these  items  is  much  less  than  that 
of  Niagara. 

In  cases  like  this,  then,  the  superior  economy  of  water  power 
must  be  conceded  ;  and  in  pulp  mills,  as  at  Carritunk,  the  large 
quantity  ot  water  needed  is  also  an  important  item  of  cost. 

These,  however,  are  not  criticisms  on  the  elaborate  and  most 
valuable  paper  of  Dr.  Emery ;  they  furnish  modified  conditions 
of  use,  wliich  no  engineer  will  apprehend  and  appreciate  more 
thoroughly  than  he. 

The  President  : — I  notice  that  Mr.  McElroy  in  his  interest- 
ing remarks  has  omitted  mention  of  a  rather  well-known  water 
power  near  by,  and  that  is  the  Housatonic.  My  attention  was 
called  to  it  a  short  time  ago,  and  although  I  have  forgotten  what 
the  rates  given  were,  my  impression  is  that  the  price  there,  is 
considerably  higher  than  those  just  given  in  other  instances. 

Mr.  McEi.roy: — I  am  not  able  to  say  definitely  as  to  that.  Of 
course  there  are  other  eases.  The  company  at  Paterson,  for 
instance,  charges  very  much  more.  Their  rates  are  more  than 
double. 

The  President: — -Is  Mr.  IloUoway  of  the  Mechanical  Engi- 
neers present  i 

Mr.  J.  F.  lIoLLowAY  : — Mr.  (Iiairnian,  I  had  no  expectation 
of  saying  anything  to-night,  but  I  read  with  pleasure  the  paper 
which  Dr.  Emery  lia8  prepared,  and  I  wish  to  say  that  I  agree 
heartily  with  my  friend,  Mr.  McElroy,  in  the  complimentary  re- 
marks he  ma<le  about  the  paper.  The  paper  is  one  that  will  be 
of  great  value  to  mechanical,  as  well  as  electrical  engineers.  It 
is  evidently  the  result  of  a  great  deal  of  study  and  care  on  the 
part  of  the  author,  and  in  its  re^iult  it  is  to  some  extent  surpris- 
ing; and  yet  after  all,  it  coincides  very  closely  with  ideas  that  I 
have  had  all  of  my  life — that  this  is  a  world  of  compensation; 
that  we  do  not  get  all  the  good  things  in  one  place,  without  hav- 
ing to  take  some  other  things  that  are  not  quite  so  good. 

Th3  results  he  shows  are  as  b3tween  tb^^  more  common,  and 
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the  highly  refined  engines,  and  the  ultimate  results  that  are  shown 
in  his  paper,  are  not  so  widely  different,  and  that  will  be,  I  think, 
a  matter  of  some  surprise  to  many,  until  thev  investigate  the 
matter  in  the  direction  and  to  the  extent  in  which  Dr.  Emery  has 
investigated  it.  The  common  idea  is,  that  to  get  the  best  results, 
you  must  get  the  most  refined  mechanism,  and  considerable 
money  is  often  spent  in  that  direction  without  knowing  how 
much  in  other  respects,  the  total  value  of  the  saving  is  brought 
down  to  the  results  obtained  by  the  plainer  and  more  common 
machines. 

Bpferringto  the  water  power  question,  I  know  very  little  nbout 
that,  except  that  it  occurs  to  me  that  it  is  hardly  a  fair  compari- 
son that  Dr.  Emery  has  made  between  the  steam  engine  and 
water  power,  in  the  location  which  he  has  selected.  1  think  it 
would  nave  been  better  to  have  said  that  he  had  made  the  com- 
parison with  a  place  where  there  would  be  a  good  water  power  if 
there  was  water.  If  you  go  to  all  the  expense  of  arranging  for 
using  water,  and  then  half  the  year  you  do  not  have  water,  of 
course  that  must  add  largely  to  the  ultimate  cost  of  water  power. 

Prof.  John  H.  Barr  : — I  came  down  here  this  afternoon  to 
hear  the  third  reading  of  this  paper.  I  had  the  privilege  a  short 
time  ago  of  hearing  a  dress  reliearsal  of  it,  and  read  it  to-day  on 
the  cars.  I  hope  this,  however,  is  not  the  final  reading  as  it  is 
one  of  the  things  that  grows  on  me.  1  thank  you  for  the  privi- 
lege of  taking  part  in  tnis  discussion,  though  Dr.  Emery  has  left 
little  to  discuss.  The  previous  gentlemen  have  expressed  their 
appreciation  of  this  valuable  paper  to  the  engineering  profession, 
in  which  I  wish  to  concur. 

I  noticed  a  reference  to  the  condition  of  affairs  at  the  Calumet 
and  Hecla  Mines.  My  first  engineering  experience  was  gained 
at  the  Calumet  and  Hecla  Mine,  and,  while  i  was  there  in  a  sub- 
ordinate capacity  and  perhaps  not  entirely  competent  to  judge  of 
things,  I  think  it  quite  probable,  if  not  certain,  that  the  conditions 
have  by  this  time  been  so  modified,  that  a  different  policy  might 
be  pursued  with  economy,  so  far  as  distribution  of  power  is  con- 
cerned. The  great  work  done  at  Calumet  by  Dr.  Leavitt,  is  of 
the  highest  interest  to  engineers,  and  if  he  has  kept  his  eye 
lather  constantly  on  columns  c  and /'of  the  table  given  in  this 
paper,  it  can  be  said  that  few  men  have  done  as  much  with  a 
pound  of  coal  as  he. 

The  Falls  of  St.  Anthony  is  cited  as  an  exceptional  ease  where 
nature  has  greatly  favored  the  locality  in  water  power ;  and  while 
its  water  power  had  a  very  important  influence  in  the  develop- 
ment of  the  city  located  near  it,  I  doubt  if  its  present  influence  is 
as  great  as  most  people  think.  I  believe  that  steam  mills  at  other 
places  can  now  cojn])ete  on  very  fair  terms  with  the  mills  on  the 
water  power  at  St.  Anthony.  The  supply  of  water  is  so  variable 
that  all  the  more  important  mills  have  to  have  large  steam  plants — 
steam  plants  suflieientto  practically  run  the  entire  mill.     The  in- 
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terest,  and  all  costs  except  running  expenses,  go  on  for  this  part 
of  the  plant,  whether  the  mill  is  run  by  steam  or  water.  The 
cost  for  labor  also  is  largely  maintained  whether  run  by  steam  or 
water,  because  the  engineers  have  to  be  employed  throughout  the 
year  in  order  to  have  them  when  needed.  The  value  of  land  and 
nigh  taxation,  or  rent,  puts  these  mills  at  a  disadvantage,  largely 
compensating  the  gain  due  to  running  by  water  part  of  the  time. 

Mr.  C.  O.  Mailloux: — In  using  engines  for  electrical  station 
purposes,  the  tendency  of  modern  practice,  even  with  slow  speed 
euffmes  is  to  do  away  with  the  jack-ehaft  and  to  use  the  power 
either  by  belting  from  the  engine  direct  or  by  attaching  the 
armature  direct  to  the  shaft.  Hence  in  a  large  numl>er  of  cases 
the  power  of  the  engine  will  all  be  utilized  excepting  a  very  small 
percentage  necessary  for  its  own  friction ;  and  one  need  not, 
therefore,  allow  ten  per  cent,  more  for  loss  in  jack-shaft  or  other 
intermediate  transmission.  This,  of  course  has  a  direct  tearing 
on  the  initial  cost  of  the  engine  and  the  cost  of  maintenance,  and 
indirectly  upon  the  total  cost  of  power  per  annum. 

In  regard  to  the  utilization  of  water  power  when  used  to  gen- 
erate electricity  to  transmit  to  a  distance,  there  is  one  factor  that 
appears  to  me  to  be  of  importance,  as  affectinff  the  question 
whether  a  given  transmission  scheme  is  financially  practicable 
or  not.  I  refer  to  accessory  machinery  and  apparatus,  particu- 
larly that  needed  for  regulation  and  control,  the  importance  and 
the  cost  of  which  I  think  is  often  underrated  if  not  neglected,  in 
making  estimates  on  the  cost  of  machinery  necessary  to  utilize 
the  energy  of  water  power  by  transmission  to  distant  points.  I 
met  a  party  some  time  ago  who  is  operating  an  electric  railroad 
by  water  power,  and  was  not  particularly  happy  over  it,  even 
though  the  power  cost  him  but  little.  He  said  the  principal 
trouble  was  in  the  great  flunctuation  of  pressui-e,  the  voltage 
varying  from  300  to  6(>0.  If  several  cars  happened  to  start,  or  to 
be  going  up  grade  at  the  same  time,  the  voltage  would  come  down 
to  3O0,  but  if  some  of  the  cnrs  stopped,  the  dynamo  would  raise  the 
K.  M.  F.  up  to  600  or  more.  I  asked  myself,  while  thinking  over  this 
case,  what  would  be  the  result  when  transmitting  5,^00  horse- 
power electrically,  from  a  generator  driven  by  a  turbine,  suppos- 
ing the  load  was  suddenly  and  totally  relieved  by  the  circuit 
being  opened  through  a  main  fuse  blowing  out,  or  a  break  in  the 
Mire,  or  supposing  it  were  suddenly  thrown  on,  without  giving 
time  for  the  governor  to  act ;  or  again  suppose  the  load  were  con- 
stantly fluctuating  as  it  does  on  most  railroad  circuits.  It  oc- 
curred to  me  that  something  would  happen  of  interest  to  science, 
and  possibly  the  coroner  also.  We  can  hardly  have  fly-wheels 
sutticieiitly  large  to  take  care  of  these  fluctuations,  as  they  must 
be  of  enormous  size.  Calculations  show  just  what  would  nave  to 
be  their  weight  and  proportions  to  prevent  any  serious  varia- 
tion of  speed,  when  the  whole  load  is  thus  thrown  on  or  off. 
There  are  to-day  many  places  where  available  and  cheap  water 
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power  is  unused  for  the  sole  reason  tlmt  no  efficacious  and  Fatis- 
factory  regulation  has  been  found  to  compass  the  fluctuations  of 
load  occurring  on  railway  and  power  circuits.  At  Oswego  they 
use  a  resistance,  so  that  when  the  load  is  thrown  off  from  the 
working  circuit  it  is  thrown  on  an  idle  resistance,  which  is  not  a 
very  economical  meaus  of  handling  the  difficulty,  to  say  nothing 
of  its  cost  Hence,  even  assuming  that  we  can  overcome  all  other 
difficulties,  of  a  financial  or  engineering  character,  in  connection 
with  a  transmission  scheme,  we  must  put  into  our  estimate  a  very 
liberal  allowance  for  accessories,  to  enable  us  to  secure  a  success- 
ful transmission  and  control  of  the  energy,  and  leave  the  energy 
at  the  other  end  where  it  has  to  be  utilized,  in  such  form  that  it 
can  be  used  as  successfully  and  as  satisfactorily  to  the  customer 
as  tlie  electricity  obtained  from  a  central  station  operated  by 
steam. 

I  have  always  found  the  principal  difficulty  of  electrical  trans- 
mission projects  to  be,  to  dispose  of  the  electricnl  energy  after  it 
is  transmitted,  and  especially  to  distribute  it,  or  deliver  it  to  the 
consumer  in  a  satisfactory  manner. 

Prof.  Forbes  : — I  would  say  that  in  the  case  of  the  Niagara 
transmission  that  question  has  been  thoroughly  threshed  outand  we 
have  got  a  fly-wheel,  not  at  all  gigantic  in  comparison  with  the 
revolving  armature,  which  completely  takes  care  of  that.  In  two 
seconds  the  regulator  will  have  acted  and  the  fly  wheel  will  have 
taken  care  of  it  up  to  that  time. 

The  Prkj-ident  : — I  think  in  the  larger  plants  where  five  or 
six  thousand  horse  power  units  are  used,  there  will  be  less  diffi- 
culty possibly  than  is  anticipated,  because  as  a  lule  where  trans- 
mitting from  a  single  source  of  such  large  units  to  distributed 
work  lor  stationary  purposes,  there  is  a  certain  avernging  up  of 
the  duty  which  will  prevent  such  sharp  variations  of  the  load  as 
have  been  indicated,  and  hence  I  do  not  think  there  will  be  sa 
much  difficulty  on  the  large  water  power  transmissions ;  still, 
these  variations  have  to  be  guarded  against,  a!id  it  is  more  diffi- 
cult to  meet  them  in  a  water  plant  than  in  a  steam  plant. 

If  any  other  gentlemen  wish  to  discuss  the  paper  we  will 
be  glad  to  hear  from  them.  Possibly  some  remarks  may  be 
prepared  by  members  subsequent  to  this  meeting ;  if  so,  I 
shall  try  to  have  them  received  at  the  next  regular  meeting, 
or  they  can  be  presented  to  the  Editing  Committee.  Dr. 
Emery  will  reply  to  some  of  the  comments  which  have  been 
made. 

Dr.  Emery  : — I  can  only  say  that  I  feel  very  much  gratified 
with  the  Complimentary  remarks  that  have  been  made  in  reg.ird 
to  the  paper  and  i lie  way  in  which  it  has  been  appreciated  by 
those  present.  It  is  unfortunate  that  the  paper  is  so  long  that 
few  have  had  time  to  study  all  the  pnints  in  their  different  bear- 
ings and  relations  to  each  other,  and  I  am  quite  sorry  that  one 
whom  we  esteem  so  highly  as  Prof.  Forbes  should  have  received 
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a  copy  only  an  hour  before  the  meeting.  I  should  have  been 
very  much  pleased  to  have  his  reinarke,  excellent  as  they  were, 
based  upon  a  more  thorough  study  of  the  paper.  I  quite  agree 
with  him  on  the  point  he  makes  in  regard  to  the  quality  of  the 
fuel.  That  matter  should  be  emphasized  in  every  way.  At  the 
same  time  it  is  not  neglected  in  the  paper.  I  will  read  Section 
25,  page  133,  upon  that  point: 

''  In  column  m  is  shown  the  weight  of  water  which  it  is  as- 
sumed will  be  evaporated  per  pound  of  coal.  The  assumption  is 
8^  pounds,  except  in  the  last  case  where  it  has  been  fixed  at  9^ 
pounds.  Although  9  and  9^  pounds  evaporated  can  be  obtained 
under  actual  conditions  readily  with  boilers  of  good  proportion 
and  construction,  it  is  thought  that  8^  pounds  is  as  much  as  can 
be  depended  upon  in  average  practice.  It  is  in  fact  greater  than 
is  obtained  in  most  cases,  tliough  less  than  is  claimed  in  excep- 
tional ones.  This  rate  must  be  considered  somewhat  in  relation 
to  the  price  of  coal.  If  cheap  coal  is  to  be  used  which  will  not 
give  8i  pounds  evaporation,  the  results  must  be  sought  in  the 
column  of  the  table  applying  to  coal  of  a  higher  price. 

The  last  clause  of  the  quotation,  it  will  be  seen,  exactly  covers 
the  point  made  by  Prof.  P  orbes  in  regard  to  cheaper  coals.  They 
will  not  give  8J  pounds  evaporation.  The  better  grades  of  an- 
thracite coal  of  buckwheat  size,  will  rarely  evaporate  over  8 
pounds  of  water  from  actual  pressure  and  temperature,  and  for 
the  poorer  qualities  7^  pounds  or  even  less  can  only  be  depended 
upon.  If,  tlierefore,  such  coal  cost  $2.00  per  ton,  the  results  in 
the  table  should  be  mentally  interpolated  between  those  for  $2.00 
and  $-100  per  ton.  A  glance  at  the  figures  in  the  two  columns 
will  show  that  any  such  difference  will  not  appreciably  alter  the 
relative  performances  of  the  different  engines  if  the  same  coal  be 
used  in  all  cases.  The  absolute  results  for  a  particular  engine 
would  of  course  be  changed. 

The  next  question  is,  whether  or  not  500  horse-power  is  a  suffi- 
ciently large  unit  for  general  consideration^  Prof.  Forbes  did  not 
use  the  term  unit,  but  I  think  that  wijl  express  his  meaning.  I 
used  500  horse-power  as  being  more  generally  applicable  tlian  a 
larger  unit.  It  is  in  fact  mucli  larger  than  the  average,  but  suffi- 
ciently large  to  secure  maximum  performance  in  the  engine. 
The  results  would  not  be  materially  changed  if  we  were  to  con- 
sider larger  plants  as  multiples  of  a  500  horse-power  plant.  The 
cost  of  fireman  would  not  change  at  all,  and  though  one  engineer 
on  watch  might  care  for  an  engine  of  more  than  500  horse-power 
in  a  large  plant,  a  chief  engineer  would  also  be  employed  at  a 
higher  salary,  so  that  the  labor  account  would  not  be  greatly 
modified.     The  table  is  therefore  about  right  for  any  large  plant. 

Prof.  Forbes  : — For  how  small  a  plant  is  it  right  ? 

Dr.  Emery  : — It  would  be  presumptions  to  say  that  it  is  exactly 
right  for  any  engine.  It  cannot  be  expected  that  the  friction  of 
the  engine,  the  weiglit  of  steam  or  coal  used  per  hour,  the  cost  of 
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Bupplies,  of  wages,  of  interest,  and  of  fuel  will  in  any  particular 
€ase  exactly  coincide  with  the  assumptions  in  the  table.  I  have 
attempted  to  cover  a  great  deal  of  ground  and  have  been  ol»liged 
to  generalize.  I  have  stated  all  the  details  of  the  generalizations 
and  show  at  some  length  that  considerable  changes  m  the  assumed 
facts  would  not  materially  affect  the  comparative  results  for  the 
different  engines.  Absolute  results  for  any  particular  case  can 
be  obtained  by  substituting  the  particular  conditions,  using  for 
ready  reference  the  formuJse  at  the  heads  of  the  columns.  Do 
not  misunderstand  me.  I  have  assumed  very  probahle  conditions, 
collated  by  references  and  by  personal  recollections  based  on  a 
very  lengthy  experience,  so  that  the  results  are  approximately 
right  for  average  conditions.  Recurring  to  the  original  question 
I  do  not  think  that  the  operating  expenses  of  a  steam  plant  of 
2,500  horse-power,  or  containing  several  units  of  that  size  would 
vary  from  one  of  500  horse- power,  or  made  up  of  several  units  of 
that  size,  sufficiently  to  predict  in  advance  which  would  have  the 
advantage.  As  already  stated,  one  engineer  on  watch  would  take 
care  of  more  horse-power  in  large  units,  but  the  number  of 
men  required  to  do  tlie  overliauling  on  the  spare  engine,  and  the 
salary  of  a  chief  engineer  or  general  superintendent,  would  bal- 
ance or  more  than  balance  tlie  apparent  saving  for  attention. 
For  electric  lighting  work  the  principal  saving  mie  to  the  use  of 
2,500  horse-power  or  other  large  unite,  would  be  in  the  cost  of 
real  estate  and  buildings.  In  Xew  York  City,  for  instance,  the 
area  is  limited,  land  is  high  priced,  and  the  larger  units  take 
less  floor  space,  so  that  considerably  more  engine  power  can  be 
crowded  into  the  same  space,  and  this  may  make  considerable  sav- 
ing in  first  cost. 

Prof.  Forbes,  in  the  short  time  he  has  had  to  examine  the  paper, 
has  not  quite  understood  my  first  remarks  in  relation  to  the  cost 
of  water  power.  Moreover,  the  preliminary  statement  in  the 
supplement  to  the  paper  is  necessarily  incomplete,  and  was  ren- 
dered much  more  so  in  attempting  to  abstract  it.  Prof.  Forbes 
says,  "  The  cost  of  putting  in  the  plant  has  been  taken  at  proba- 
bly S140  per  horse-power  without  electrical  transmission."  I 
wished  to  be  understood  that  $140  per  horse- power  was  about  the 
maximum  amount  that  could  be  expended  to  develop  a  water 
power  on  a  10-hour  basis  in  competition  with  steam,  ana  I  showed 
that  the  expenditures  on  the  Merrimack  had  reached  this  sum, 
and  that  if  they  could  be  recalled  they  would  not  now  be  war- 
ranted. It  was  not  intended  to  intimate  that  water  power  could 
not  frequently  be  developed  for  a  less  sum.  The  supplement  is 
directed  particularly  to  the  question  of  allowable  expenditure 
when  interest  on  the  first  cost  is  considered.  I  of  course  agree 
with  the  general  statement  that  the  cost  of  developing  water 
power  when  there  is  a  high  head  and  no  dam  to  be  built  is  com- 
paratively small.  I  have  simply  emphasized  the  fact  that  all 
waterfalls  are  not  thus  advantageously  located.     I  recently  report- 
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ed  on  a  large  water  power  15  miles  from  large  cities  where  there 
is  over  70,000  horse-power  running  to  waste,  during  the  minimum 
Aow  which  occurs  in  winter  as  in  the  Alps,  and  not  m  the  summer. 
This  power  will  in  time  be  valuable,  but  it  is  not  immediately 
available  because  a  fall  of  nearly  500  feet  is  distributed  through 
10  miles,  so  that  on  the  most  economical  plan  of  developnient 
there  would  have  to  be  10  power  plants,  some  of  which  would 
be  in  gorges  not  readily  accessible.  This  power  may  be  utilized 
electrically,  by  locating  a  number  of  generating  stations  on  the 
river,  and  transmitting  it  to  the  cities.  The  demand  for  so  much 
power  would,  however,  have  to  be  created.  The  lower  falls  could 
be  utilized  at  once  for  present  demands,  but  the  whole  power 
must  go  together  and  a  8ni«ll  development  would  not  pay  the 
interest  on  tne  large  original  first  cost  of  the  property.  In  this 
case  I  did  not  hesitate  to  recommend  the  original  expenditure  of 
$200  per  horse  power  for  combined  hydraulic  and  electric  plant 
in  case  the  power  could  be  immediately  developed  and  utilized, 
but  this  was  found  to  be  at  present  impossible.  In  due  time  these 
conditions  must  change,  but  they  are  governing  ones  at  present. 
When  100,000  horse- power  or  more  can  be  obtained  at  a  single  loca- 
tion, necessarily  the  cost  of  development  becomes  very  much  less. 

It  will  be  observed  that  I  have  not  attempted  to  discuss  the 
details  of  electrical  transmission.  President  Sprague  has  pointed 
out  the  nature  of  the  difficulties,  t,  however,  desire  to  call 
attention  to  the  fact  that  the  method  I  have  adopted  is  the  proper 
one.  The  total  cost  of  plant  to  deliver  the  power  from  the 
wateffall  to  the  work  to  be  done,  which  I  typify  as  a  jack-shaft, 
cannot,  in  competition  with  steam  and  cheap  coal,  greatly  exceed 
$140  per  horse-power  on  a  lo  hour  basis  and  $200  and  upward 
per  horse-power  on  a  24:  hour  basis.  This  cost  of  plant  includes, 
first,  the  original  investment  in  the  general  development  of  the 
water  power,  which  to  the  consumer  may  appear  as  rental  charged 
by  the  water  power  company ;  second,  the  cost  of  installing  tur- 
bines and  dynamos  to  generate  the  electric  current ;  third,  the 
cost  of  the  electric  line,  and,  fourth,  the  cost  of  the  motors  which 
turn  the  wheels,  or  the  illustrative  jack-shaft,  at  the  point  of 
delivery.  T/t^'  motor  must  he  included  in  the  cost^  as  then  only 
is  the  result  compirable  with  steam  power  on  the  basis  shown  in 
the  table.  The  comparison  is  independent  of  the  work  done  by 
such  jack-shafts,  as  in  either  case  it  can  be  employed  in  genera- 
ting electric  current  at  lower  tension  for  general  distribution,  or 
utilized  directly  to  operate  large  mills  or  manufactories. 

I  am  phased  with  the  remarks  of  Mr.  McElroy.  Naturally 
he  has  had  such  an  extended  connection  with  water  powers  that 
his  sympathies  are  in  that  direction.  I  have  never  personally 
administered  the  affairs  of  a  water  company,  but  one  of  the 
most  important  of  my  observations  occurred  when  a  brother 
engineer  in  cliarge,  had  to  leave  his  comfortable  office  and  brave 
pneumonia  in  directing  the  movements  of  several  hundred  men 
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employed  in  clearing  the  canals  and  races  of  ice.  Similar  in- 
stances are  frequent  in  our  severe  nortliern  climate,  and  cheap  as 
water  power  is  under  normal  conditions,  the  irregularities  due 
to  fresnets,  droughts  and  ice  must  be  duly  considered  in  striking 
a  balance  with  steam  power. 

Mr.  Holloway,  of  the  Henry  R.  "Worthington  Company,  might 
have  calltd  attention  to  the  fact  that  it  was  one  of  the  chief 
arguments  of  the  lamented  head  of  that  linn,  that  while  he  built 
a  pumping  engine  not  as  economical  in  fuel  as  those  of  special 
design,  the  difference  in  first  cost  and  of  interest  and  repairs 
afterwards  was  in  most  cases  sufficient  to  make  his  construction 
more  desirable.  Recent  improvements  of  the  engine  under  the 
direction  of  his  son,  C.  C.  Worthington,  have  had  the  effect  to 
raise  the  economy,  without  materially  reducing  the  simplicity,  so 
that  large  pumping  engines  are  now  manufactured  practically 
in  considerable  numbers,  and  the  necessity  for  special  designs  to 
secure  unusual  economy  of  fuel  is  less  frequent  than  before. 

I  am  much  obliged  to  Mr.  Mailloux  for  initiating  a  very  inter- 
esting discussion  in  regard  to  sjoverning  water-wheels  operating 
electrical  plants,  and  am  also  obliged  to  other  speakers,  but  do 
not  recollect  any  further  question  that  requires  response. 

I  trust  that  further  discussions  may  be  sent  in  by  manufac- 
turers and  engineers,  to  whom  the  paper  has  been  sent  and  will 
be  specially  obliged  for  any  information  tending  in  particular 
cases  or  under  particular  conditions  to  modify  the  statements  as 
to  costs  and  prices  given  in  the  paper  as  a  basis  for  comparison. 
I  have  been  assured  this  evening  by  the  operating  superinten- 
dent of  an  electric  station,  who  does  not  wish  to  rise,  that  my 
estimates  of  the  cost  of  supplies,  repairs  and  renewals  is  too  low 
to  apply  to  high  speed  engines  of  large  size,  operating  electric 
plants.  This  is  an  important  point  wliich  1  hope  will  be  fully 
elaborated  by  those  at  liberty  to  talk  freely  on  the  subject,  as  it 
may  show  the  desirability  oi  using  engines  of  fairly  slow  speed, 
rather  than  the  cheaper  ones  running  at  high  speeds  compared 
with  their  size.  Engines  of  the  old  slow  speed  type  are  now 
run  much  faster  than  foriiierly,  and  it  may  be  that  a  compromise 
class  of  engine  will  soon  l)e  designed  to  which  neither  of  the 
common  names  can  be  applied,  wnich  will  be  cheaper  than  the 
slow  speed  engine,  and  yet  not  run  so  rapidly  as  to  cause  the 
difficulties  which  some  have  experienced  with  certain  types  of 
higli  speed  engines. 

The  President: — I  had  intended  to  point  out,  \Oiich  I  will 
now  do  very  briefly,  that  it  is  most  important  in  considering  the 
transmission  of  power  by  electricity  from  original  water  power 
plants,  that  the  conditions  of  construction  under  least  cost  shcmld 
he  considered.  Some  few  years  ago  I  prepared  a  paper  which 
was  read  before  the  Franklin  Institute  which  brought  up  that 
(juestion.  The  conditions  were  given  for  continuous  current 
transmission,  although  they  would  probably  need  to  be  modified 
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for  alternating  current  transmission,  and  I  presume  the   same 
general  laws  will  hold. 


[COMMDNICATED    AFTER    ADJOURNMENT    BY    THE  AuTHOR.] 

Dr.  Emery  : — Mr.  Samuel  Webber,  the  veteran  hydraulic  en- 
gineer, now  residing  at  Chariest  own,  N.  H.,  has,  since  the  meet- 
ing, written  me  pleasantly,  stating  that  the  steam  portion  of  the 
paper  confirmed,  in  several  respects,  views  he  had  held  for  some 
time  ;  but  in  his  first  letter  he  criticized  rather  severely  the  costs 
given  for  the  development  of  the  water  power  on  the  Merrimack 
and,  incidentally,  tne  authorities  cited  in  reference  thereto. 
Some  of  the  criticisms  were,  however,  in  part  due  to  the  fact 
that  at  first  he  did  not  quite  appreciate  the  method  of  compari- 
son adopted.  The  letters  are  not  in  shape  for  publication,  but  a 
full  abstract  is  presented,  which  it  is  thought  will  be  of  great  in- 
terest and  value,  although  for  reasons  given  in  closing,  all  of  his 
general  conclusions  are  not  accepted.  Tie  first  suggests  that 
probably  the  cost  of  land  had  been  included  in  the  total  costs 
which  ''  sold  not  only  for  the  mill  sites,  but  for  ofliices,  store- 
houses, dwelling  houses  and  streets ;  for  a  com])lete  factory  vil- 
lage," implying,  evidently,  that  but  a  portion  of  this  cost  should 
be  included  in  the  cost  of  the  water  power.  ]Ie  then  criticizes 
the  addition  of  about  '^  50  per  cent,  of  cost  for  additional  wheel 
plant  to  provide  against  back  water,"  a  Lowell  expression  which 
meanfcj,  in  the  language  of  the  paper,  the  additional  plant  em- 
ployed to  utilize  the ''surplus  water,"  as  it  is  called  in  many 
of  the  places.     He  savs  : 

"  This  additional  wheel  plant  has  been  added,  as  the  original 
power  was  outgrown,  to  enable  the  mills  to  use  all  the  water 
possible,  and  it  is  now  19,000  n.  p.  in  Lowell,  which  is  used  for  a 
portion  of  the  year." 

He  refers  to  the  original  comparatively  low  cost  and  the  later 
high  expenditures  at  Lowell,  adding  that  '*  Lowell  and  Lawrence 
united,  and  bought  at  a  moderate  cost,  the  control  of  the  outlet  of 
ijiike  Winnipiseogee,  wliicli,  by  dredging,  they  are  enabled  to 
draw  down  six  feet  in  si.nuner.  They  do  not  raise  the  water  in 
the  lake.  In  the  long  run  these  imj)rovenient8  have  raised  the 
amounts  expended  to  a  large  sum,  but  have  doubled  the  original 
power." 

Ho  then  adds: — '^  I  still  hold  to  my  often  expressed  opinion  that 
§100  per  H.  v.  is  an  ample  estimate  for  dams,  canals,  wheel-pits, 
etc.,  under  20  feet  fall,  and  in  manv  cases  it  can  be  done  for 
^50." 

He  adds :  "  As  to  the  statement  tliat  Lowell  will  never  be  re- 
built, it  is  all  bosh.  It  would  be  done  to-morrow  if  the  power 
was  unoccupied  and  it  would  not  cost  one-half  the  amount  per 
horse-] K)wer  which  it  did  in  the  first  place,  by  using  modern  tur- 
bines, and  other  improvements."     He  then  expresses  the  opin- 
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ion  that  the  cost  of  the  power  at  Manchester  was  not  one-lialf 
that  at  Lawrence. 

The  attention  of  Mr.  Webber  was  then,  by  letter,  called  to  the 
fact,  that  the  paper  necessarily  dealt  with  the  average  power 
throughout  the  year,  since  the  power  to  be  made  up  by  steam 
would  necessarily  be  the  difference  between  the  aggregate  power 
required,  and  the  power  derived  from  the  water,  which  latter 
would  necessarily  varv  at  different  seasons.    He  was  also  asked  if 
he  would  not  kindly  furnish  a  statement  of  what  the  actual  costs 
had  been  as  he  recalled  them.     In  responding,  he  regretted  the 
loss  by  lire  of  a  large  collection  of  his  notes  and  memoranda.    He 
recalls  that  at  the  "  first  regular  meeting  ef  the  stockholders  of  the 
old  Locks  and  Canals  Co.  at  Lowell,  Feb.  27,  1822,"  it  was  stated 
that  the  "  property  cost  for  land  $18,339,  and  for  the  old  dam 
and  canals  $30,217.    In  1823,  when  the  price  per  mill-power  was 
£xed,  Mr.  Appleton  stated  that  the  expenditures  up  to  date  were 
^120,000  ana  would  furnish  50  mill-powers.     These  were  sup- 
posed to  net  60  H.  p.  each  making  3.000  h.  p.,  or  $40  per  h.  p., 
on  which  the  fixed  rental  was  $300  per  mill-power,  or  $5  per  h. 
i*.,  being  12^^^  on  the  investment."     The  mill-powers  were  grad- 
xially  sold  off,  and  *'  in  1845  the  capacity  of  the  old  canals"  was 
over-taxed,"  and  between  then  and  1875,  expensive  improvements 
were  made,  of  which  the   costs  are  given  in  the  paper  of  the 
^writer  and  referred  to  hereafter.     He  recapitulates  tne  posts  at 
Lawrence  substantially  as  given  in  the  paper,  but  states  the  cost 
'was  greatly  increased  from  the  fact  that  "the  town  was  origi- 
nally intended  to  be  on  the  south  side  of  the  river,  but  the  agent 
employed  by  the  original  projectors  to  purchase  the  land  was 
found  to  have  reserved  so  much  of  the  most  desirable  portion 
of  it  for  his  own  priv^ate  property,  that  the  directors  voted  to 
build  on  the  north  side,  where  the  ground  was  very  uneven,  and 
the   cost   of   the  canal   increased  enormously."     The  company, 
however,  owned  considerable  land  on  the  south  side,  so  that  the 
south   canal  was  finally  built  to  enable  that   land  to  be  sold, 
though  the  water  could  all  have  been  used  by  the  first  canal, 
which,  however,  should  have  been  at  least  20  feet  wider  to  avoid 
the  swift  current  which  causes  the  banks  to  cave  occasionally." 

Mr.  Webber  adds : — "  Old  Mr.  Samuel  Batchelder,  now  dead, 
who  began  with  Lowell,  and  afterwards  built  up  Saco,  says,  in  his 
*  History  of  the  Cotton  Manufacture,'  that  he  estimates  the  total 
cost  of  water  power  at  Lowell,  'including  land,'  at  $15  per  ii.  p. 
and  he  knew  much  more  about  it  than  these  '  latter  dav  '  figur- 
ers." 

Mr.  Webber  continues  :  ''  Were  I  to  make  a  rough  cast  of  the 
cost  of  a  water  power,  imagined  to  give  5,000  h.  p.  on  2o  ft.  fall, 
I  would  allow  for  a  dam  500  ft.  long,  averaging  10  ft.  high  near 
top  of  fall,  base  of  dam  10  ft.  wide,  top  5  ft.  or  7^  ft.  aver- 
age=75.  c.  ft.  in  one  linear  ft.  This  75  X  500  =  37,500  c.  ft. 
or  1390  c.  yds.     This,  at  $20  per  c.  yd.  (ashlar  in  cement),  would 
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be  $27,800.  Assume  guard  gates  and  waste  weir  to  cost  half  as 
much  more,  it  would  add  §13,900,  making  $41,700.  Then  a 
canal  a  mile  long,  100  ft.  wide  by  12  ft.  deep,  or  257,000  c.  yds., 
at  25  cents  per  yard  excavation  =  $64,250.  This  makes  a  total 
cost  of  $106,000.  Add  to  this,  facing  canal  walls  with  stone,  say  1 
ft.  thick,  average,  or  4,280  c.  yds.,  at  $5  =  $21,400,  and  you  get 
dam  gates  and  canals  $127,400,  or  $25.48  per  h.  p.  Now  add 
about  as  much  more  for  land  for  mill  sites,  and  call  this  invest- 
ment $50  per  H.  p.  Then  take  Mr.  Main's  figures  for  average 
cost  of  wheel  plant  at  Lawrence  (which  is  far  higher  than  it 
would  be  to-day)  at  $45  per  ii.  p.  and  you  get  a  grand  total  of 
$95  per  h.  p. 

Mr.  Webber  states  further,  that  the  costs  in  some  of  the  older 
mill  towns  "  are  so  mixed  up  with  land  purchases  and  sales  which 
have  been  very  profitable,  ahd  furnished  the  means  for  great 
extensions  over  tne  original  plant  that  it  would  be  very  dimeult 
to  separate  them."  He  then  refers  to  the  very  cheap  develop- 
ment of  some  water  powers  in  Maine,  much  in  the  same  manner 
as  the  subject  has  already  been  treated  by  Mr.  McElroy. 

In  reviewing  the  very  valuable  information  furnished  by  Mr. 
Webber,  it  should  be  borne  in  mind  that  a  writer  in  making  a 
generalization  usually  obtains  information  from  various  sources, 
all  of  which  can  be  considered  with  reference  to  the  general  con- 
clusion. Mr.  Webber's  statement  that  the  work  on  the  Merri- 
mack could  be  done  now  for  much  less  than  the  actual  cost,  is  of 
course  true,  though  his  remarks  emphasize  the  fact.  It  is,  how- 
ever true,  that  nearly  all  new  enterprises  start  small  and  then  in 
increasing  the  plant  incur  very  much  more  additional  expense  than 
if  the  final  development  could  all  have  been  carried  out  at  one 
time.  It  is  therefore  proper  to  consider  such  facts  in  making  a 
generalization.  It  is  believed  that,  on  the  whole,  the  lesson  of 
the  Merrimack  as  pointed  out  in  an  illustrative  way  in  the  sup- 
plement to  the  original  paper  is  still  as  valuable  as  ever.  It 
was  there  stated,  that  changes  in  values  due  to  more  accurate 
sources  of  information  would  not  much  change  the  results,  but 
the  additional  figures  given  by  Mr.  Webber  rather  confirm  than 
otherwise,  the  rough  estimate  made  as  to  the  total  cost  at  Lowell. 
The  original  company  bought  up  an  old  canal  company  and 
probably  at  ruinous  figures,  yet  the  water  company  had  expended 
$120,000  by  1823,  which  for  the  power  then  developed  on  a 
leasehold  basis  to  the  stockholders  themselves,  was  very  reason- 
able, being  only  $5  per  h.  p.,  but  a  profit  would  need  to  have  been 
added  to  these  figures,  if  the  water  had  been  obtained  from  a 
different  company.  The  improvements  referred  to  by  Mr.  Wel>- 
ber,  however,  increase  the  cost  on  an  enormous  scale.  From  the 
census  reports  it  is  learned  that  a  new  stone  dam  was  built  at 
the  top  01  the  fall,  where  the  height  was  fortunately  only  from 
two  to  four  feet,  except  for  a  short  distance  in  a  deep  place,  so 
although  the  dam  was  1094  feet  long  it  only  cost  $114,000.  The 
new  canal,  wTiich  necessarily  skirted  the  river  so  closely  as  to  re- 
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quire  a  very  expansive  retaining  wall  for  a  considerable  distance, 
cost  $551,584,  and  one  of  the  underground  feeders  in  the  city 
cost  $86,13 1,  making  in  round  numbers  the  total  given  in  the 
paper,  $752,000,  which  with  Mr.  Webber's  $120,000  gives  $872,000 
m  definite  items.  The  original  work  probably  cost  considerably 
more  than  was  paid  for  it,  and  there  is  the  additional  expense  of 
controlling  the  lakes.  Mr.  Webber  considers  that  the  outlet  of 
Lake  Winnipiseogee  was  purchased  cheaply,  but  the  census  re- 
port shows  that  there  are  other  lakes  also  utilized,  and  Mr. 
Francis  in  a  prominent  report  has  stated  distinctly  that  the  con- 
trol of  the  headwaters  oi  the  Merrimack  was  obtained  at  very 
great  cost.  There  is  testimony  in  law-suits  that  part  of  the 
original  costs  for  some  for  the  mills  have  been  charged  off  on  the 
books.  The  general  statement  in  the  paper  that  the  work  at 
Tx)well  had  probably  cost  considerably  over  $1,000,000  is  there- 
fore sustained.  The  rough  estimate  in  relation  to  Lawrence  can- 
not be  very  much  in  error.  Mr.  Webber,  however,  does  not  con- 
sider that  the  works  at  Manchester  could  have  cost  one-half  as 
much,  but  this  is  an  extreme  statement.  I  now  recollect  that 
Mr.  Manning,  the  engineer  of  the  company,  once  told  me  that 
he  estimated  the  total  cost  at  that  place  as  between  $90  and  $100 
per  H.  p.  If  this  meant  the  total  wheel-power,  the  statement  in 
the  paper  was  approximately  correct. 

Tlie  evident  difficulty  in  obtaining  approximate  prices  at  such 
a  location  is  in  distinguishing  between  the  costs  per  n.  p.  of  the 
total  plant  (all  of  which  can  only  be  utilized  during  high  water) 
and  the  cost  of  plant  per  h.  p.  based  on  the  average  power  through- 
out the  year.  The  average  power  should  be  used  as  the  divisor 
in  obtaining  the  cost  of  the  power,  for  it  represents  the  quantity 
to  l>e  used  m  reduction  of  steam  power  in  a  given  case.  The 
total  wheel  power,  was  doubtless  referred  to  by  Mr.  Batchelder  in 
the  extract  noted  by  Mr.  Webber.  The  $15  per  n.  p.  necessarily 
refers  to  the  leasehold  or  annual  cost,  not  to  the  total  cost.  This  on  a 
12K^  basis,  originally  fixed  upon  among  the  ow^ners,  represents  a 
total  cost  of  $120  per  ii.  p.,  and  if  the  n.  p.  meant,  is  the  maxi- 
mum for  which  wheels  are  provided  as  we  suppose,  the  total 
cost  on  the  basis  of  the  average  h.  p.  developed  throughout  the 
vears  has  been  very  much  more  than  the  $14:0  per  h.  p.  assnnied 
m  the  paper.  When  it  is  considered  that,  in  a  location  like  the 
Merrimack,  the  mill  owners  must  provide  not  only  the  surplus 
water  plant  to  utilize  surplus  water,  but  additional  steam  plant 
to  do  the  work  of  a  surplus  water  plant  when  the  water 
is  low,  it  will  be  seen,  as  briefly  referred  to  in  the  original 
paper,  that  steam  power  exclusively,  would  cost  much  less, 
if  the  actual  costs  of  developing  the  water  power  were  even 
approximately  what  has  been  supposed,  and  it  would  need 
careful  study  and  estimates  to  determine  whether,  as  Mr. 
Webber  suggests,  the  work  in  being  done  over  again  could  be 
accomplished  enough  mure  cheaply  to  change  the  conditiont^. 


166  WOLOOTT  ON  AN  EARLY  DYNAMO.  fMarch  21, 

The  Secretary  :  —Although  electrical  engineering  is  consid- 
ered quite  a  modern  development  of  general  engineering  we  are 
constantly  having  brought  to  our  attention  the  researches  of  some 
of  the  earlier  workers  in  the  field,  and  one  of  our  most  active 
members  has  recently  come  into  possession  of  some  facts  relating 
to  the  history  of  the  machine  that  is  before  you,  wTiich  as  near  as 
we  can  ascertain  was  made  in  the  year  1867,  by  the  late  Profes- 
sor Charles  A.  Seeley.  Mrs.  Seeley,  who  is  present  this  evening, 
has  delegated  Mr.  Wolcott  to  present  some  facts  in  relation  to  it, 
after  ^yhich  the  machine  is  to  pass  into  the  custody  of  the  Insti- 
tute and  be  placed  with  other  historical  relics  which  are  gradually 
accumulating. 

A'N  EARLY  DYNAMO 


BY   TOWNSEND    WOLCOIT. 


Early  in  the  year  1867,  when  the  principle  of  self-excitation  in 
dynamos  was  new,  and  in  fact  practically  unknown  except  to  a 
few  of  the  most  advanced  electricians  in  this  country,  the  subject 
of  electric  lighting  was  broached  by  Prof.  Charles  A.  Seeley  to 
Mr.  Horace  Greeley.  Mr.  Greeley  became  deeply  interested,  and 
highly  amused  at  the  idea  of  ''  grinding  out  electricity  with  a 
crank,  and  then  making  light  with  it,"  as  he  expressed  his  under- 
standing of  Professor  Seeley's  description  of  an  arc  light  operated 
by  a  dynamo.  Mr.  Greeley  suggested  that  Professor  Seeley  should 
build  a  dynamo  machine  and  other  apparatus,  which  were  accord- 
ingly  started  at  once,  and  on  March  28th,  1867,  Mr.  Greeley  pub- 
lished an  editorial  in  the  Tribtme^  entitled  "  Electric  Light.'* 
The  scientific  points  were,  of  course,  furnished  by  Prof.  Seeley^ 
but  it  is  evident  that  Mr.  Greeley  understood  what  he  was  writing 
about,  as  the  editorial  is  interesting  reading  at  the  present  day, 
considering  the  time  it  was  written.  I,  therefore,  quote  it  in  full, 
as  follows : 

[From  the  New  York  DaUy  Tribune  of  Thursday,  March  28th,  1867.1 

Electric  Lighting. 

The  Nineteenth  Century  is  already  most  conspicuous  among 
the  centuries  for  those  great  inventions  wliicli  minister  to  the 
wants  of  mankind.  Tliree-tenths  of  it  still  remains;  and  the 
leaders  of  progress  in  science  and  the  arts  are  more  numerous  and 
active  than  ever  before.  It  is  certainly  far  from  impossible  that 
many  who  are  now  living,  may  witness  products  of  genius  yet 
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inthonght  of,  which,  for  usefulneps.  may  be  ranked  with  tlie  Lo- 
jomotive,  the  Telegraph,  and  the  Photogmph.  Indeed,  we  are 
lot  visionary  in  believing  tliat  we  are  already  advancing  into  the 
shadow  of  something  which  may  be  as  admirable  and  useful  as  any 
>f  them.  Recent  advances  in  science  seem  to  indicate  plainly  the 
path  which  promises  to  lead  to  one  of  tlie  most  beneficial  develop- 
ments. 

It  has  been  demonstrated  that  what  we  call  Light,  Heat  and 
Electricity,  and  supposed  to  be  peculiar  kinds  of  matter,  are,  after 
ill,  only  forms  or  modes  of  motion — that  the  motions  which  con- 
stitute their  peculiarities  have  no  greater  difference  among  them- 
selves than  the  motions  of  our  ordinary  machines.  It  has  been 
lemonstrated  that  they  may  be  converted  into  each  other — that 
nther  of  them  may  be  converted  into  ordinary  motion — and,  con- 
/ersely,  that  ordinary  motion  may  be  converted  into  either  of 
hem.  In  other  words,  their  production  and  operation  involves 
limple  questions  of  mechanics.  The  precise  amount  of  mechani- 
jal  force  required  to  produce  heat  and  electricity  have  been  ex- 
actly and  mathematically  determined.  Thus,  the  force  of  the  fall- 
ng  of  a  weight  of  one  pound  a  distance  of  772  feet  will  produce 
leat  just  sufficient  to  raise  a  pound  of  water  one  degree  Fahren- 
leit.  This  exact  transformation  of  falling  force  into  heat  may  be 
iccomplished  with  the  greatest  ease.  The  converse,  however,  we 
lave  not  yet  reached  in  practice.  In  our  attempts  by  the  steam 
mgine  to  get  heat  into  ordinary  useful  motion,  we  practically 
■ealize  only  about  five  per  cent,  of  what  we  strive  after.  It  is 
X)ssible  that,  before  the  Nineteenth  Century  closes,  we  shall  learn 
low  to  secure  all,  or  nearly  all,  of  that  ninety-five  per  cent,  which 
low  escapes  us.  When  we  have  that  knowledge,  one  pound  of 
fuel  which  we  use  for  generating  power  may  have  its  present 
ralue  multiplied  nearly  twenty-fold. 

The  labors  of  scientific  men,  within  the  last  five  years,  have 
developed  methods  of  transforming  ordinary  force  into  electricity. 
When  these  methods  are  put  into  the  most  practical  form,  we 
jhall  have  electricity  so  cheap  that  its  applications  may  be  multi- 
plied a  handred-fold. 

Practical  results  have  not  been  so  fully  obtained  in  attempts  to 
transfer  mechanical  force  into  light.  But  what  we  know  is  suffi- 
3ient  to  fill  us  with  the  most  exalted  anticipations.  The  possibili- 
ties are  too  bright  even  for  dreams.  The  precise  amount  of  force 
required  to  produce  a  given  degree  of  light  has  not  been  deter- 
nined,  mainly  for  the  reason  that  it  is  so  small  that  it  eltides  our 
rneOfSurement,  It  is  asserted  by  savants  that  the  strength  of  a 
jhild  would  be  sufficient  to  turn  night  into  day  for  the  City  of 
Mew  York,  provided  that  strength  were  wholly  converted  into, 
ind  should  reappear  as  ligljit.  May  not  this  be  accomplished  in 
Jie  Nineteenth  (Jentury  ? 

But,  concerning  Electric  Light,  wonderful  things  are  already 
iccomplished    facts.      We    have    transformed   force  into  light 
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through  the  medium  of  electricity,  and  the  process  has  been  a  suc- 
cess.    Such  a  light  promises  to  come,  ere  long^  into  general  use. 

Thorough  experiments  in  France  and  England,  and  official  ar- 
rangements for  tests  in  the  United  States,  indicate  the  impor- 
tance attached  to  electricity  for  illuminating  light-houses.  The  re- 
sults at  Cape  La  Heve,  on  the  French,  and  at  Dungeness  on  the 
British  coast,  prove  that,  in  clear  weather,  the  electric  light  is 
visible  seven  miles  further  ^27  miles  against  20)  than  the  best 
lights  ever  before  shown  at  tno6«  points ;  while  the  advantages 
are  still  greater  in  thick  weather,  as  its  density,  whiteness  and  bril- 
liancy, enable  it  to  penetrate  fogs  that  almost  totally  obscure  other 
lights.  The  successful  experiments  of  the  French  Lighthouse 
Board,  corroborated  by  the  Briti8hexperiment8,may  well  encour- 
age our  American  Lighthouse  Board  in  the  tests  about  to  be  in- 
stituted in  this  country,  especially  as  the  difficulties  which  cause 
the  British  authorities  to  hesitate  about  introducing  the  electric 
light  generally  along  their  coasts  ("  lest  their  heavy  machinery 
might  break  down  ")  are  understood  to  have  been  overcome  by 
inventions  of  American  genius. 

It  may  be  added  that  the  brilliancy  of  the  Electric  Light  will 
actually  throw  shadows  from  the  flames  of  street  lamps  on  a  wall 
distant  about  1,500  feet,  and  that  it  surpasses  sunlight  in  photo- 
graphing— effecting  the  object  in  one-third  of  the  time  required 
by  Sol  himself.  Some  of  tlie  British  photographers  now  use  the 
Electric  Light  at  night  for  much  of  their  work,  especially  for 
copying  and  enlarging  pictures — a  profitable  part  of  their 
business. 

The  occasionally  working  of  the  Atlantic  Cables  (both  being 
thrown  into  one  circuit  of  nearly  5,000  miles)  by  the  infinitesim- 
ally  small  battery  in  a  lady's  thimble  has  so  utterly  revolutionized 
the  notions  of  electricians  and  telegraphers  cf'ncerning  the  power 
required  for  working  that  vast  telegraphic  circuit,  that  intelligent 
people  are  now  scarcely  surprised  at  the  latest  assertions  concern- 
ing the  illimitable  resources  for  cheaply  generating  Electric 
Light,  and  the  quality  of  that  light  compared  with  solar  light. 

The  electrical  display  on  top  of  the  Massachusetts  State  House 
one  Fourth  of  July  night,  which  shed  a  flood  of  light  that  en- 
abled people  to  read  newspapers  on  Boston  Common,  was  useful 
in  indicating  what  may  be  profitably  done  by  apparatus  less 
clumsy  and  less  costly.  So  also  with  the  "  weighty  machinery" 
that  produces  brilliant  results  in  fog  or  clear  weather  off  the 
Dungeness  Lighthouse  on  the  Britisli  coast.  Simplify  and 
cheapen  the  mode  of  effecting  such  results,  and  what  is  there  to 
prevent  the  general  use  of  electricity  in  producing  light  ?  Why 
should  not  our  streets  and  our  harbors,  our  factories  and  work- 
shops, our  offices  and  our  homes,  be  thus  brilliantly  and  cheaply 
illuminated,  now  that  American  scientific  skill  has  devised  certain 
modes  of  producing  electric  light  wliicli  are  claimed  to  be  "more 
economical  and  more  effective  than  any  of  the  methods  hitherto 
employed?" 
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We  scarcely  open  a  foreign  scientific  journal  without  finding 
allusions  to  various  uses  for  which  electric  light  are  employed,  or 
about  to  be  employed.  One  of  the  latest  papers  (March  8)  says 
that  one  of  these  lights  is  arranged  for  service  on  board  the  Prince 
Jerome,  Prince  Napoleon's  yacht — not  to  illuminate  the  vessel 
itself;  but,  on  the  contrary,  to  throw  light  on  other  objects,  such 
as  a  vessel,  or  a  coast,  for  purposes  of  attack  or  defense.  For 
such  uses,  especially  in  cases  of  fog,  this  light  promises  to  prove 
very  valuable,  as  ships  at  full  speed,  or  lying-to,  or  at  anchorage, 
can  thus  be  kept  free  from  danger  of  collisions,  and,  in  battle,  the 
object  to  be  attacked  can  be  illuminated.  "  However  late  in  the 
field  of  practical  adaptation,"  says  The  Londmi  Chemical  New%^ 
"the  Electric  Light,  once  established  on  board  of  a  vessel,  will 
become  a  necessary  adjunct  to  the  marine  and  transport  service," 
and  invaluable  on  board  of  the  fleet  passenger  steamers.  "  The 
illumination  of  this  same  light  for  railways  and  at  the  stations, 
and  the  approaches  thereto,  in  tunnels,  at  curves,  and  otherwise," 
says  a  Parisian  writer,  "  has  been  the  order  of  the  day,  and  the 
subject  of  deep  study  for  some  weeks  past ; "  and  the  experiments 
on  the  East  Railway  of  France  are  said  to  have  been  "  so  success- 
ful, that  there  is  reason  to  expect  the  best  results."  Why  may 
not  this  new  light  be  advantageously  used  on  locomotives? 

Multitudinous  ways  will  be  found  for  employing  a  light  so 
powerful,  and  so  easily  and  cheaply  generated  ;  and,  profitmg  by 
experience  of  "  the  way  they  do  these  things  in  France,"  and  in 
England,  our  American  inventors,  who  claim  to  have  devised  still 
better  methods,  can  hardly  fail  to  meet  prompt  and  proper  atten- 
tion from  people  who  are  annoyed  and  overtaxed  by  the  effluvia 
and  extortion  of  the  gas  companiep. 

On  April  3d,  1867,  there  was  filed  in  the  New  York  County 
Clerk's  OflSce,  the  following  certificate : 

CERTIFICATE  FILED  IN  NEW    YOKK   COUNTY  CLERK'h  OFFICE,  APRIL  8RD,  1867. 

American  Elkctric  Light  Co. 

Was  organized  March  7th.  1867,  by  Henry  O'Reilly,  Charles  A.  Seeley, 
Lorenzo  Sherwood  and  John  W.  Orr,  for  the  manufacture,  purchase  and  sale 
of  machinery,  material  and  apparatus  for  generating  electricity  for  producing 
Electric  light  for  illuminating  cities  and  edifices  of  all  kinds,  on  land  and  sea — 
Capital  btock  |800,000— Duration  of  Company  fifty  years. 

Names  of  trustees  (of  whom  there  are.  seven)  for  the  first  year  are  Henry 
O'Reilly,  Charles  A.  Seeley,  Lorenzo  Sherwood,  John  W.  Orr, Horace  Greeley, 
A.  E.  Beach  and  J.  Dwight  Porter.  The  principal  places  of  business  are  at 
New  York  City.  Brooklyn  and  Rochester,  N.  Y. 

The  certificate  of  incorporation  was  executed  by  H.  O'Reilly,  C.  A.  Seeley 
and  John  W.  Urr,  April  Vd,  1867,  and  sworn  to  before  Gardiner  Spring,  Jr., 
Notary  Public. 


Of  the  gentlemen  named  in  this  certificate,  Mr.  A.  E.  Beach 
alone  is  living.  Professor  Seeley  told  me  some  years  ago  that  Mr- 
Greeley  had  an  idea  of  making  the  organization  serve  to  some  ex' 
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tent  the  same  purposes  as  this  society.     That  is,  the  advancement 
of  electrical  science. 

Mr.  Beach's  recollection  of  the  company  is  that  it  was  intended 
to  secure  electrical  inventions  as  fast  as  they  made  their  appear- 
,  ance,  in  fact  to  build  up  a  large  organization  on  the  plan  of  some 
of  our  modern  companies.  Mr.  Beach  published  in  the  Scieniijie 
American  oi  April  20th,  1867,  an  article  entitled  "Electric  Light; 
Wilde's  Magneto  Electric  Machine  " 

[From  the  Scientific  American,  April  20th.  1867,  p.  248.] 

ELECTRIC    LIGHT— WILDE'S    MAGNETO    ELECTRIC 

MACHINE. 

The  subject  of  electric  light  is  now  attracting  more  attention 
than  at  any  former  period.  Every  day  we  find  something  about 
it  in  our  foreign  and  domestic  exchanges.  Three  of  tne  city 
newspapers  within  a  few  weeks  have  printed  full  column  editor- 
ials under  the  title  of  Electric  Light.  The  lighthouse  directors  of 
'  England,  France  and  America,  simultaneously  but  independently, 
are  instituting  experiments  on  a  liberal  scale  to  determine  if  the 
electric  light  may  not  be  the  best  for  lighthouses.  And  as  a 
natural  consequence  of  these  movements,  a  business  association 
under  the  style  "  The  American  Electric  Light  Co.,"  has  been 
chartered  and  will  be  soon  in  active  operation.  This  new  interest 
in  electric  light  was  originated  by  the  exhibition  in  England  of 
the  machine  which  is  described  in  this  article.  No  wonder,  for 
the  light  from  it  is  the  most  powerful  artificial  light  ever  pro- 
duced. Mr.  Crookes  testifies  that  when  he  saw  it,  it  had  three  or 
four  times  the  power  of  the  sun  light.  The  machinesfirst  built  were 
found  too  powerful  for  lighthouse  illumination,  and  it  was  found 
advisable  to  make  machines  for  that  purpose  of  only  one-half  the 
original  sizes. 


Professor  Seeley  had  never  seen  a  self-exciting  dynamo,  but 
had  kept  well  abreast  of  the  European  work  on  the  subject  so  far 
as  possible  by  reading,  and  was  also  familiar  with  the  arc  of  Davy 
and  the  incandescent  carbon  of  Starr.  The  machine  built  by  him 
is  before  you,  and  you  can  see  that  the  design  is  not  bad,  consider- 
ing the  date  of  manufacture.  It  passed  through  a  fire  in  Pro- 
fessor Seeley's  office  at  26  Pine  Street,  early  in  December,  1874, 
and  was  rewound  with  the  same  field  wire  with  new  insulation, 
and  new  armature  wire  as  nearly  like  the  original  as  possible. 

Mr.  Wm.  H.  Burnap,  of  259  West  Twenty-seventh  Street,  who 
made  the  repairs,  confirms  Professor  [Seeley's  recollection  as  to 
these  points.     Professor  Moses  G.  Farmer  saw  the  machine  when 
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it  was  comparatively  new,  but  the  exact  date  I  have  not  been 
able  to  ascertain.  Professor  Farmer  estimated  the  capacity  of 
the  machine  as  about  two  or  three  telegraph  cells,  meaning  Grove 
cells.  This  estimate  is  evidently  too  low  if  the  machine  be  run 
at  a  reasonable  speed,  but  the  machine  was  originally  turned  by 
hand  power,  and  the  estimate  was  probably  about  right.  The 
necessity  of  a  high  speed  to  secure  a  reasonable  output  was  not  so 
well  understood  when  the  machine  was  built  as  it  is  now.  Mr» 
Weston  saw  the  machine  in  the  summer  of  1872. 

Dr.  Vander  Weyde  remembers  the  machine  well,  and  is  quite 
certain  that  it  was  built  before  the  company  was  organized,  which 
confirmed  what  has  already  been  said,  but  cannot  fix  the  date  any 
more  accurately.  Dr.  Vander  Weyde  also  says  that  he  remem- 
bers when  the  machine  was  first  started,  that  there  was  some  diffi- 
culty in  getting  it  to  excite,  owing  to  the  field  not  being  connected 
in  the  proper  relation  to  the  direction  of  armature  winding  and 
rotation.  That  is,  the  machine  instead  of  exciting  itself,  demag- 
netized itself  until  the  connections  were  reversed.  This  was 
quite  a  common  error  a  long  time  after. 


The  President  :— I  take  great  pleasure  on  behalf  of  the  Insti- 
tute in  accepting  from  Mrs.  Seeley  this  very  interesting  machine, 
a  forerunner  of  a  large  part  of  the  electrical  development  of  this 
country.  I  think  it  proper  that  a  committee  should  draw  up  a 
resolution  to  be  transmitted  to  Mrs.  Seeley  thanking  her  for  ner 
kindness  in  making  this  donation.  I  appoint  for  this  purpose 
Mr.  Martin,  Chairman,  and  Mr.  Kennel ly  and  Mr.  Birdsall  as 
members.  The  sentiment  of  this  meeting  will  be  unanimous  in 
favor  of  this  action,  so  that  it  is  unnecessary  to  put  the  motion. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 

New  York,  April  18th,  1893. 
The  seventy-sixtli  meeting  of  the  Iiietitute  was  held  this  date 
at  12  West  Thirty -first  Street,  and  was  called  to  order  at  8.30 
P.  M.  by  Vice-President  William  J.  Hammer, 

The  Secretary: — At  the  Council  meeting  held  this  afternoon 
the  following  associate  members  were  elected  : 

Name.  Address.  Endorsed  by 

Adams,  Alton  D.  Electrician  and  Manager,  Commcr-  Fred.  DeLand. 

cial  Electric  Co.,  113  South  Ten-         L.  L.  Summers* 
nessee  St.,  Indianapolis,  Ind.         VV.  A.  Rosenbaum. 

Crandall,  Joseph  Edwin,  Electrician,  C.  &  P.  Telephone  J.  J.  Carty. 

Co.,  619  Mth  St  ,  N.  W.,  Wash-       T.  D.  Lockwood. 
ington,  D.  C.  F.  A.  Pickemell. 

Deming,  Edward  General   Manager,   Deming  Auto-  T.  C.  Martin. 

matic  Electric  Safety  System,  522  Jos.  Wctxler. 

Hancock  St.,  Brooklyn,  N.  Y.     Edwd.  P.  Thompson. 

Flagg,  Stanley  G.,  Jr.,  Stanley  G.  Flagg  &  Co..  J.  B.  Cahoon. 

19th  St.  and  Penna.  Ave.,  Harris  J    Ryan. 

Philadelphia,  Pa.  Ralph  W.  Pope. 

Gardanier,  George  W.  Electrician,  Western   Union   Tele-       G.  A.  Hamilton. 

graph   Co.,  195    Broadway,  New       Alfred  S.  Brown. 
York  City.  James  Hamblet. 

Gerry,  M.  H.,  Jr.,  Engineer,  N.  W.,  General  Electric       Chas.  K.  Steams. 

Co.,  3333   Cedar   Ave.,    Minne-         H.  M.  Byllesby. 
apolis,  Minn.  Geo.  D.  Shepardson. 

Hall,  Edward  J.  Vice-President  and   (General  Man- Hammond  V.  Hayes. 

ager,   American   Telephone   and  John  J.  Carty. 

Telegraph  Co.,  18  Cortlandt  St.,  Wm.  S.  Ford. 

New  York  City. 

Hayes,  Harry  E.  Asst.  Electrician,    American   Tele-        F.  A.  Pickemell, 

graph   and    Telephone  Co.,   153  H.  V.  Hayes. 

Cedar  St..  New  York  City.  F.  W.  Dunbar. 

HuMTiiREYS,  Wm.  J.         Professor  of   Physics  and  Mathe-  T.  J.  Smith. 

matics,    Miller    School,   Crozet,  Ralph  W.  Pope. 

Va.  Geo.  H.  Stock  bridge. 

Pflnd,  Richard  Richard    Pfund,   Electrical   Appa-         James  Hamblet. 

ratus  and  Supplies,   153    Broad-        Alfred  S.  Brown, 
way,  Brooklyn,  N.  Y.  C.  L.  Buckingham. 

Pierce,  Richard  H.        Electrical  Engineer,  World's  Colum-       F.  A.  Pickemell. 

bian    Exposition,    5434    Monroe         Ralph  W.  Pope. 
Ave..  Ilydc  Park,  111.  F.  W.  Dunbar. 
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L'siNA,  M.  Nkmgan           Superintendent  of  Motive   Power,  R.  J.  Nunn,  M.D. 

City  and   Suburban  Railway,  78  Ralph  W.  Pope. 

Bolton  St.,  Savannah,  Ga.  T.  C.  Martin. 

Williamson,  G.  DeWitt.  Electrician  General  Klectric  Co.,  J.  H.  Vail. 

New    York   City,   Dobbs   Ferry,  Charles  Hewitt. 

N.  V.  II.  W.  VVeller. 
Total  13. 

And  tlie  following  associate  members  were  transferred  to  full 
membership : 

Williams,  James  B.,  M.  D.     Electrician,  44  Uioadway,  New  York  City. 

Smiih,  Frank  Stlart,  Supt.   of  Carbon   Department,    Wcstinghouse   Electric 

and  Mfg.  Co.,  Pittsburg,  Pa. 

Ross,  Roberta.  Engineer  in  charge   of  Engineering  Dept.,  Edison  Gen- 

eral Electric  Co.,  Peicrboro,  Ont. 

Noll,  Augustus  New  York  Electric  Equipment  Company,  59  Duane  St., 

New  York  City.  > 

Hering,  Hermann  S.       Associate  in    Electrical    Engineering,   Johns    Hopkins 

University,  Ualtimore,  Md, 

ToUl,  5. 

The  Chairman  [W.  J.  Hammer]: — The  Chair  wishes  to  an- 
nounce that  at  the  meeting  of  the  Council  this  afternoon  the 
certificate  of  membership  which,  doubtless,  you  have  all  seen  in 
the  adjoining  room,  was  adopted  w^ith  one  or  two  slight  changes. 

This  certificate  will  be  issued  to  full  members  only.  It  will 
be  a  compliment  from  the  Institute  to  those  who  have  attained  a 
high  rank  professionally,  and  whose  work  in  their  profession  and 
for  the  Institute  entitles  them  to  receive  it.  These  certificates 
will  probably  be  ready  within  two  or  three  weeks  and  will  be 
printed  ijpon  heavy  parchment  paj)er  at  about  cost,  namely,  one 
dollar.  The  Secretary  has  been  instructed  to  send  out  a  notice, 
stating  the  conditions  under  which  this  certificate  is  given  and 
other  matters  pertaining  thereto,  as  soon  as  they  are  ready  for 
distribution.  The  American  Institute  of  Electrical  Engineers 
desires  to  raise  its  status  as  a  scientific  organization  in  every  way 
possible,  and  it  is  believed  that  by  issuing  this  certificate  to  full 
members  only,  the  honor  conferred  will  be  more  highly  appre- 
ciated and  it  will  result  in  a  desire  upon  the  part  of  many  of  our 
associate  members  to  apply  for  and  to  secure  full  membership 
in  the  Institute.  While  in  some  of  the  engineering  societies  the 
majority  of  the  members  are  active  or  full  members,  and  there 
are  comparatively  few  associate  members,  in  the  Institute  of 
Electrical  Engineers  the  opposite  is  the  case,  and  the  issuing  of 
this  certificate  under  the  conditions  as  recommended  by  the 
Special  Committee  will  prove  advantageous  to  the  interests  of 
the  Institute  as  well  as  to  the  members  receiving  the  same. 

I  will  refer  to  the  subject  of  badges  as  several  members  have 
asked  me  about  them  to-night.  Some  of  the  badges  were  de- 
livered to-day,  and  I  might  sav  that  within  the  next  week  or  ten 
days  the  first  fifty  will  be  ready.  Five  or  six  moulds  have  been 
made  and  a  great  deal  of  trouble  has  been  taken  to  make  them 
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correct.     Those  who  apply  to  the  Secretary  first  will  naturally 
receive  the  badges  first.     The  price  is  $3.00. 

There  is  one  other  point  to  which  I  would  like  to  call  the 
attention  of  the  Institute  before  taking  up  the  paper.     On  behalf 
of  the  Ways  and  Means  Committee  of  tne  Institute  in  charge  of 
the  World's  Fair  matters  I  would  like  to  state,  as  you  have  already 
heard,  that  headquarters  have  been  secured  at  the  Columbian 
Exposition.     The  authorities  there  have  given  us  two  excellent 
rooms  adjoining  the  ofiicial  headquarters  in  the  Electricity  Build- 
ing.    They  have  promised  to  give  us  excellent  facilities  there — 
long-distance  telephone  service,  electric  light,  telegraph  service, 
fire  pr«)tection  and  police  patrol.     The  Council  has  instructed  its 
Secretary  to  go  there 'and  represent  the  Institute  during  the 
meeting  of  the  International  Electrical   Congress  and   largely 
during  the  season.     We  have  extended  invitations  to  our  for- 
eign electrical  friends  to  make  use  of  our  headquarters,  to  have 
their  mail  addressed  there,  to  write  their  letters  there  and  to  see 
their  friends  there,  and  it  is  verv  desirable  that  we  should  make 
those  headquarters  interesting,  and  with  that  end  in  view,  the 
Committee  is  endeavoring  to  secure  a  large  immber  of  exhibits 
of  great  historical  interest.     We  want  letters,  books,  small  models 
and  things  of  that  character,  autographs,  photographs,  etc.,  which 
will  be  01  interest  to  our  friends  and  to  our  members.     We  would 
like  to  make  our  headquarters  the  most  attractive  spot  in  the 
Electrical  Building.     \  on  have  doubtless  noticed  in  the  other 
room  small  reproductions  of  photographs  of  a  great  many  emi- 
nent men.     Those  are  largely  based  on  a  number  of  photographs 
that  I  liave  been  collecting  for  many  years,  and  there  will  proba- 
bly be  four  or  five  of  those  large  frames  of  photographs  sent 
out  there.     The  Committee  has  been  promised  some  of  the  things 
that   belonged   to    Professor  Morse  and   to   Franklin,  and   has 
already  received  some  of  them.     The  Secretary  placed  in  the 
Committee's  hands  to-day  the  original  list  of  the  members  who 
signed  the  call  for  the  organization  of  the  American  Institute  of 
Electrical  Engineers.     That  will  be  placed  in    the   exhibition. 
These  and  many  other  things  which  we  shall  have,  will  make  the 
Institute  headquarters  very  interesting  to  all  our  members  and 
our  visiting  friends.     I  might  state  that  one  of  the  large  pub- 
lishers. Van  Nostrand,  has  promised  me  to  place  in  a  few  days  a 
complete   electrical   library   at   the   headquarters,  and  that  this 
library,  under  the  care  of  the  Secretary  will  be  at  the  disposal  of 
our  members.     It  will  be  a  very  complete  and  doubtless  a  very 
interesting  exhibit.     I  trust  that  members  who  have  interesting 
things  will  send  them  to  the  Secretary  or  to  myself  as  Chairman 
of  the  Committee,  and  if  they  know  of  some  particular  feature 
which  would  be  of  interest  and  value  that  thev  would  kindly 
communicate  with  the  Secretary  or  the  Committee. 

We  will  now  have  the  pleasure  of  listening  to  Mr.  A.  E.  Ken* 
nelly's  paper  upon  "  Impedance." 

[Mr.  Kennelly  then  read  the  following  paper.] 


w4  pa^tr  ^etemttd  mt  ike  srvtnty^ixtk  meeting  of 
the  Atmeriean  Imtiiute  0/  Electrical  Engin- 
rrrty  New  Vork^  April  rStk^  iStJS>  Vice-Presi- 
dent Hatmtmer  in  the  Chair, 


IMPEDANCE. 


BY    A.    E.    KENNELLY. 


The  impedance  of  a  conductor  is  its  apparent  resistance,  and 
is  expressible  in  olinis.  More  strictly,  it  lias  been  defined  as 
the  ratio  of  the  effective  e.  m.  f.  between  the  terminals  of  the 
conductor,  to  the  effective  current  strength  it  carries.  By  vol- 
tage or  current  in  the  sequel,  effective  voltage  and  effective 
current,  unless  otherwise  specified,  will  be  intended, — such  as 
would  be  indicated  by  properly  calibrated  alternating  current 
voltmeters  and  ammeters. 

With  steady  continuous  currents,  the  impedance  of  a  conduc- 
tor is  its  simple  resistance.  With  periodically  fluctuating  cur- 
rents, the  impedance  will  in  general  differ  from  tlie  resistance, 
and  will  be  greater  or  less,  but  in  common  practice  greater. 
With  such  voltages  and  currents,  Ohnf  s  law  becomes 

I 

where  the  impedance  is  represented  by  /. 

We  may  first  consider  periodic  currents  and  voltages  of  the 
simple  harmonic  type,  following  waves  in  time  such  as  could  be 
traced  upon  a  band  of  paper,  moving  steadily  lengthwise,  by  the 
vertical  shadow  of  the  crank-pin  on  a  fly-wlieel  revolving  uni- 
formly in  a  vertical  plane  perpendicular  to  the  band.  [Fig.  1.] 
The  ratio  of  the  velocity  between  wheel  and  paper  would  con- 
trol the  spacing  and  steepness  of  the  waves,  but  would  not  alter 
their  sinusoidal  type,  while  the  motion  of  the  shadow  would 
be  simply  harmonic. 

If  the  fly-wheel  makes  n  complete  periods  or  revolutions  per 
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second,  and  the  distance  of  the  crank-pin  from  the  shaft  axis- 


its  crank  radius — Is  unity,  then  the  circumference  of  the  circle  it 
traces  will  be  2  ;r,  and  the  total  distance  it  will  run  through  in 
one  second  will.be  2  t:  ^i  or  6.288  y/  linear  units,  which  we  may 
call  its  speed,  and  denote  by  />  =  2  tt  n.  If  then  the  pin  is 
shifted  outwards  upon  the  wheel  until  its  crank-radius  or  dis- 
tance from  the  axis  is  /  units,  where  /  is  the  number  of  henrys  in 
any  particular  inductance,  then  the  corresponding  travel  of  the 
pin  will  be  2  n-  /  71  linear  units  per  second,  and  this  speed/?  I  we 
may  call  the  inductance-speed  for  the  particular  frequency  and 
inductance  I  considered. 

Non-ferric  inductances  (if  the  term  be  permitted),  or  in- 
ductances without  iron  may  be  iirst  assumed,  leaving  ferric 
inductances  and  conductors  embracing  iron,  for  later  examina- 
tion. 

In  order  to  find  the  impedance  of  any  conductor  whose  resis- 


ShaWotr  lAne 


^*?*$-'^ 


Fig.  1, 


tance  is  r  ohms,  and  inductance  I  henrys,  we  construct  the  tri- 
angle  having  as  base  the  length  /*,  the  perpendicular  of  p  I 
units,  and  draw  the  hypothe4iuse  which  will  have  the  length 

|/  v^  4"  ^P  ^  V"*  between  their  free  extremities.     [See  Fig.  1.] 
This  length  will  be  the  impedance  in  ohms.     The  impedance  is 
therefore  the  geometrical  or  vector^  sum  of  the  resistance  and 
inductance-speed,  when    these   are   i)lotted   on    two  rectangular 
axes.     Calling  this  impedance  /,  Ohm's  law  gives 


e 


e  :=   I  c 


corresponding  to  the  usual  formulas  for  continuous  currents.     In 


1  The  vector  sum  of  two  lines  a  b  and  b  c  is  the  line  a  c,  since  a  transfer- 
ence from  A  to  B  followed  by  a  transference  from  b  to  c  is  geometrically 
equivalent  to  a  transference  from  a  to  c. 
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Fig.  3  a  resistance  of  75  oi  having  an  inductance  of  0.06  henry 
with  a  consequent  inductance  speed  at  100  '^^  of 

6.283  X  100  X  0.06  =  37.7 


Fig.  2. 


is  shown  to  possess  an  impedance  i  of 


i/(75f+(37?ff  =  83.9  ohms. 

If  two  such  impedances,  i^  and  ^2,  be  connected  in  series,  their 
total  impedance  [Fig.  3]  will  be  the  vector  sum  a  o  of  tj  and  i^ 
corresponding  to  the  arithmetical  sum  for  unvarying  currents. 
This  vector  sum  is  most  conveniently  constructed  geometrically 
by  summing  separately  the  component  resistances  r^,  rj,  ao, 
and  then  the  component  inductance-speeds,  o  c,  as  shown.  Call- 
ing the  vector  sum  7, 

ti I, 


the  voltage  on  /  for  a  current  of  c  amperes  will  be  o  /volts. 


u 


<k 


(( 


ii 


0%l 
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but  /will  not  be  the  arithmetical  sum  of  t'l  and  4 ,  nor  will  the 
drop  on  i  be  the  sam  of  the  drops  of  ii  and  i^j  unless  the  sepa- 

late  time  constants,  —  and  —  are  equal,  when  a  b  will  be  in  line 


^2 


Se^ttance  r 


Fig.  4. 

with  B  0 ;  the  reason  being  that  otherwise  the  currents  in  t'l  and 
f^  while  of  equal  strength,  are  out  of  step. 

In  Fig.  3,  Ti  represents  to  scale,  a  resistance  of  30  o>,  r^  20  w^ 
pill  an  inductance  speed  of  10,  p  ^  30.    Then 

ii  is  V  900  +  100  =  31.63  ohms, 

ta  is   V  400  +  900  =  36.06  ohms, 

/  =  V  2500  +  1600  =  64.0  ohms, 

whereas  the  arithmetical  sum  of  ii  and  ti  would  be  67.69  ohms. 
A  condenser  of  capacity  k  farads  (millions  of  microfarads)  has 

ao  impedance  of  — =-    ohms,  or  in  other  words,  its  impedance 

p  k 


Jj-pli^WM 


Fio.  5. 


is  the  reciprocal  of  its  capacity  speed. ^      The  current  in  a  con 
denser  supplied  by  an  e.  m.  f,  f  at  ti  '^  is 

e  -f-  — =-  =  e  p  k. 
p  k 


1    Fleming,  ''The  Alternate  Current  Transformer/*  Vol.  II.,  p.  878. 
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Thiifi,  1(H)0  volts  alternating  give   through  5   microfarads  at 

5 


1000  X  6.283  X  100  X 


=  3.14  amperes. 


1,000,000 
A  condenser  k  in  series  with  a  resistance  r  has  a  total  impe- 


dance 


"^^^^ 


which   is   found  by  taking  the   base  r,  and  the  capacity-speed 


5  Microfara/U 


a 


ji^-ia*aiiJo 


J^jism — i 


•*if 


r 
Q 


f 
U. 


A^    0.0086       ^0.0Qm7Al>         yl«=J,=^jr 


^.OOOiMX  3 


Pig.  6. 


reciprocal 


p  k 


downwards  perpendicularly.     In  other  words, 


its  impedance  is  the  vector  sum  of  the  resistance  and  capacity- 
speed  reciprocaL 

Fig.  4  represents  the  five-microfarad-condenser  above  consid- 


ered, whose  impedance 


pk 


at  100  '^  is  318.3  ohms,  in  circuit 


with  a  non-inductive  resistance  r  of  500  ohms.     The  resulting 
impedance 

1  =   i^  600»  +  818.8'  =  592.8  ohms, 
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BO  that  1000  volts  alternating  harmonically  at  that  frequency 
would,  when  connected  to  this  series  deliver 


1000 
592.8 


=  1.687  amperes  through  the  same. 


If  again,  inductance  is  inserted  in  series  with  the  condenser 


Fio.  7. 

and  resistance,  the  total  impedance  of  the  three,  independent  of 
their  order,  will  be  the  vector  sum  of  the  resistance,  the  induc- 
tance-speed, and  the  capacity-speed-reciprocal,  the  second  being 
drawn  upwards,  and  the  third  negatively  or  downwards,  as 
shown  in  Fig.  5,  where  an  inductance  of  300  millihenrys  =  0.3 
henry,  giving  at  100  ^^  an  inductance-speed  of 

628.3  X  0.3  =  188.5, 

is  introduced  into  the  same  circuit  of  resistance  and  condenser. 
The  eflEect  is  to  diminish  the  impedance  from  592.8  to  516.6 


Fia.  8. 


ohms,  increasing  the  current  to   1.936  amperes.     If  /  be  the 
resulting  impedance, 


'=h 


and  the  voltage  across  the  resistance  and  inductance  supposing 
these  combined  in  one  coil  will  be  c  ^i  where  t\  is  the  impedance 
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of  these  two  coDsidered  together,  and  the  yoltage  across  the 
condenser  will  be 

1 
'  pk  ' 

It  is  evident  that  this  latter  may  be  greater  than  e  when  suitable 
values  are  chosen  so  that  one  or  both  of  the  factors,  current  and 
capacity-speed-reciprocal,  are  large.  In  such  cases  the  condenser 
voltage  exceeds  the  voltage  of  supply,  and  what  is  commonly 
called  the  "  Ferranti  ejffect,"  is  developed. 

It  is  also  evident  from  the  construction  of  the  diagrams,  that 
the  inductance  will  neutralize  the  capacity  in  its  series  or  vice- 
versa,  when  the  verticals  above  and  below  are  equal,  or  when  the 
inductance-speed  equals  the  capacity-speed-reciprocal,  and  in  this 
case  the  impedance  degrades  into  the  simple  resistance.  This 
condition  requires  that 


^Z=_,orZ  = 


1  ,_     1 


Fig.  9. 

With  unvarying  currents,  the  combined  resistance  of  resis- 
tances in  parallel,  is  the  reciprocal  of  the  sum  of  their  recipro- 
cals. Thus,  if  three  resistances  be  connected  in  multiple,  of  3, 
2,  and  6  ohms  respectively,  their  joint  resistance  is 

1 


1  +  1  +  1 
3  ^  2  ^  6 


=  1 


In  the  same  way,  the  joint  impedance  of  impedances  in  multiple, 
is  the  reciprocal  of  the  vector  sum  of  their  reciprocals.  Thus 
suppose  that  three  impedances,  ii^i^tH^  are  connected  in  par- 
allel, the  first  being,  for  example,  a  simple  resistance ;  the  second 
a  series  of  resistance,  inductance,  and  capacity ;  the  third  a  simple 
condenser.  These  three  are  diagramatically  represented  in  Fig. 
6.  Take]  the  numerical  reciprocals  of  i\,  ^,  and  tg,  and  lay  them 
off  in  their  respective  directions.     Take  the  vector  sum  of  these, 
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which  is  most  conveniently  done  bj  resolving  the  reciprocals 
into  components,  summing  r  s  alone  and  pis  alone.  Finally 
the  reciprocal  of  this  vector  sum,  laid  off  in  its  direction,  will 
be  the  joint  impedance  of  the  combination,  and  the  components 
of  this  impedance  will  represent  the  equivalent  resistance,  and 
the  equivalent  capacitj-speed-reciprocalor  equivalent  inductance- 
speed  of  the  combination. 

Thus,  in  Fig.  6,  i^  =  ri  =  400  lo  non-inductive  i  i%  \&  the 
series  of  inductance,  resistance,  and  capacity,  taken  from  the  last 
case  represented  in  Fig.  5,  and  t3  is  a  simple  condenser  of  5 
microfarads  or  0.000005  farads  whose  capacity  speed  will  be 
628.3  X  0.000005  =  0.0031416,  and  whose  impedance,  the  re- 
ciprocal of  this,  is  3 18.3  ohms :  ^l ,  13  and  tg  are  represented  to  scale 


Time  Sfcondt 


Fig.  10. 


in  their  proper  directions,  a  b  =  ii  horizontal,  c  e  =  ^  diag- 
onal, and  G  H  =  ^8  vertically  downwards.  Immediately  beneath 
each  of  these  are  their  respective  vector  reciprocals, 

a'  b'  =  0.0025,  c'  e'  =  0.001936,  and  o'  h'  =  0.0031416, 

maintaining  their  directions,  but  to  an  altered  dimensional  scale 
for  convenience  in  working.  The  vector  sum  of  these  recipro- 
cals, a'  b',  c'  e'  and  o'  h',  is  a'  h',  indicated  in  the  quadri- 
lateral 1  and  measures  0.005682.  The  most  convenient  way  to 
obtain  this  practically  is,  however,  shown  at  triangle  2,  where 
the  projected  horizontal  component  of  c'  e',  namely  o  d 
0.001874,  is  added  to  a'  b',  and  also  the  projected  vertical  com- 
ponent d'  k'  0.00048,  to  g'  h'.     The  hypothenuse  of   the  tri- 
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Curve  I.,  Observed  Impedance  Factors;  II.,  Observed  Permeability;  IIL, 
Observed  Reluctivity. 

Particulars:  No.  5.  b.  w.  o.  soft  iron  wire,  diameter  0.666  cm.,  stretcbed  la 
>iie  straight  loop  2785  cms.  long,  with  10  cm.  interaxial  distance. 

Resiatiuice  of  iron  wire  47.47  microhms  per  linear  cm.  @  IS""  0. 

Reiistivity  11.84  microhms  @  in**  C. 
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angle,  a'  h',  then  measures  0.005682  either  arithmetically  or 
geometrically.  The  vector  reciprocal  of  a'  h'  is  a  h,  repre- 
sented at  triangle  3,  and  measures  1/0.005682  or  176  ohms  on 
the  original  scale,  with  projected  components  a  m  135.5  ai  and 
M  H  capacity-speedreciprocal  112.3. 

If  the  voltage  measured  between  terminals  o  and  p  is  1000 
volts,  the  current  in  the  main  leads  to  o  and  p  is 

=  D.oo2  amperes. 

But  the  current  in  the  branch  L  is  — , —  =  -r-—--  =  2.5  amperes 

ti  400  ^ 

Also  "        "       "     "        "      u  "  ^^  =  1^  =  1.936    " 

ia  516.6 

And  "        «       '*    '*        "      is  "  ^  =  H!22.  =  3.142     " 

ig  318.3 


Sum,  7.578 

The  sum  of  the  branch  currents  is  therefore  greater  in  this  in- 
stance than  the  current  supplied  through  the  main,  for  the  reason 
that  these  currents  are  not  in  step  ;  but  at  any  one  instant  the 
main  current  and  the  branch  currents'  sum  must  be  equal ;  it  is 
only  in  the  process  of  averaging  over  the  cycle  that  the  diflfer- 
ence  manifests  itself. 

If  two  conductors  are  connected  in  parallel,  as  for  example  a 
galvanometer  and  its  shunt,  of  resistances  g  and  s  respectively, 
we  know  that  if  C  is  the  unvarying  current  supplied  through 
the  combination,   the  portion  through   one  of  them, — the  gal- 

D 

vanometer  say — will  be  C ; In   the  same  way,  if  0 

.  ^9  +  ^  ^ 

and  S  are  their  respective  impedances  to  a  harmonic  current,  the 

galvanometer's  share   will    be    C  -=.-- — ^,     where,    however, 

0  -{-  S\&  not  the  arithmetical  sum,  but  the  vector  sum  of  the 
two  impedances.  Either  O  or  SmsLy  contain  capacity,  provided 
that  this  is  included  in  its  impedance  by  the  usual  rule  of  laying 
off  the  capacity-speed-reciprocal  against  the  inductance-speed. 

Again,  the  joint  resistance  formula  for  galvanometer  and  shunt 
with  steady  currents  being 


ff-h«' 
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the  corresponding  formula  is 


GS 


where  G  S  ib  the  arithmetical  product,  but  G  -\-  S  ti  vector  sum. 
This  case  could  also  be  dealt  with  by  the  rule  for  joint  imped- 
ances 

1 


t  = 


^  +  ^ 

G^  ii 


where  the  vector  reciprocals  are  added  vectorially. 

All  continuous  current  corollaries  from  Ohm's  law  thus  be- 
come applicable  to  harmonic  currents,  when  the  sums  and  differ- 
ences of  impedances  or  their  reciprocals  are  treated  vectorially, 
and  if  all  alternating  currents  were  strict  sinusoids,  all  inductances 
non-ferric,  there  would  be  almost  as  little  difficulty  in  reckoning 
their  quantitative  relations  as  in  continuous  current  circuits.  But 
Kirchoff  s  laws,  while  true  instantaneously,  are  only  applicable  to 
alternating  current  circuits,  when  the  currents  are  all  in  step,  and 
the  vector  sums  degrade  into  arithmetical  sums. 

Algebraically,  all,  and  more  than  all  the  foregoing  statements 
concerning  impedance  combinations  are  contained  in  the  fol- 
lowing : 

Any  combination  of  resistances,  non-ferric  inductances,  and 
capacities,  carrying  harmonically  alternating  currents,  may  be 
treated  by  the  rules  of  unvarying  currente,  if  the  inductances  are 

considered  as  resistances  of  the  form  p  I  V  —  1,  and  the  capacities 

as  resistances  of  the  form  —  —    V~—T,  the  algebraic  operations 

being  then  performed  according  to  the  laws  controlling  "complex 
quantities." 

A  valuable  application  of  the  principles  of  impedance  is  to  the 
determination  of  the  limits  of  error  in  measuring  apparatus — such 
as  voltmeters — intended  for  both  alternating  and  continuous  cur- 
rent circuits. 

For  example,  a  particular  sample  of  alternating  and  continuous 
current  voltmeter,  consisting  of  a  dynamometer  without  iron,  in 
circuit  with  a  resistance  coil,  has  a  resistance  of  2,085  ohms,  and 
an  inductance  that  varies  with  the  relative  position  of  the  dynamom- 
eter coils,  but  which  does  not  exceed  91.5  milHhenrys  =  0.0915 
henry.     At  a  frequency  of  140  '^  which  is  about  the  maximum  in 
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ordinary  use,  the  indactanee  speed  of  this  instrument  will  not  be 
frreater  than  0.0915  X  6.283  X  HO  =  80.5.  Constructing  the 
right-angled  triangle  with  base  2085,  and  perpendicular  80.5,  we 
find  the  hypothenuse  to  be  V  2085*  +  80.5'-*  =  2086.5  which  is 
the  impedance  of  the  instrument  at  this  frequency,  so  that  50 
volts  E.  M.  F.  harmonically  alternating  would  force  less  current 
through  the  dynamometer  than  50  volts  continuous  e.  m.  f.  in  the 

ratio  of  ,  and  would  therefore  under-indicate   by  about 

2086.5 '  '' 

0.075  per  cent. 

A  similar  instance  is  afforded  by  the  Thomson   wattmeter. 
The  armature  of  this  instrument  has  a  certain  non-ferric  induc- 
tance and  is  connected  across  the  supply  mains  through  a  resist- 
ance.    The  equality  of  the  meter's  record  for  both  alternating 
and  continuous  current  circuits  depends  upon  the  equality  of  cur- 
rent strength  through  the  armature  under  equal  alternating  and 
continuous  voltages,  and  this  is  again  dependent  on  the  impedance 
of  the  armature  circuit.     In  a  particular  instrument  of   1,500 
watts  capacity  (50  volts  and  30  amperes)  the  total  resistance  of 
this  circuit  is  455.5  ohms,  and  its  total  inductance  25  millihenrys 
(0.025  henry).     This  represents  at  140  ^  an  inductance-speed  of 
22,  and  an  impedance  of  456.0  ohms  =    V  (455.5)2  _j_  ^22)^  so  that 
the  current  in  the  armature  will  be  about  one-ninth  of  one  per 

• 

cent,  less,  on  a  supply  pressure  of  50  volts,  alternating  harmoni- 
cally, than  on  50  volts  continuous.     Strictly  speaking  the  accuracy 
of  a  wattmeter  depends  not  only  upon   the  non-diminution  of 
current  strength  through  fine  wire  circuit  in  virtue  of  inductance, 
but  also  upon  the  lag  in  phase  that  is  also  there  established,     l*^ 
is  generally  safe  to  assume,  however,  that  when  the  error  due  to 
impedance  is  very  small,  the  error  due  to  lag  is  very  small  also* 
An  important  application  of  impedance  principles  is  to  con- 
ductors  for  the  distribution   of  alternating  currents.     Let   the 
common  case  be  considered  of  two  parallel  overhead  wires  run- 
ning from  a  central  station  to  a  consumption  point  one  mile  dis- 
tant, each  wire  of  copper,  No.   4,  a.   w.  g.,   0.2043  in.  (0.51  V^ 
cm.)  in  diameter,  fixed  on  pole  insulators,  at  a  distance  between 
their  axes  of  30  inches.     At  a  temperature  of  15^  (7  this  wire  of 
standard  conductivity,  would  have  a  resistance  of  1.285  olims  per 
mile  of  5,280  feet,  and  if  the  wire  actually   possessed  this  con- 
ductivity, the  resistance  of  the  loop  would   be   2.67  ohms\      An 
nnvaryincr  current  of  10  amperes  would  establish  in  this  wire  a 
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**  drop  "  of  12.85  volts  on  each  conductor,  or  25.7  volts  in  the  cir- 
cuit. But  if  10  amperes  are  supplied  harmonically  at  a  frequency 
of  120  '^j  the  "drop"  will  no  longer  be  12.85  volts  on  each  wire, 
but  1 9.27,  or  almost  50  per  cent,  more,  mnkins^  the  total  "  drop  "  in 
the  loop  38.54  volt*.  The  impedance  of  the  loop  is  one  and  one- 
half  times  its  resistance,  or  the  impedance  factor  is  in  this  case 
1.5.  The  additional  drop  in  the  wires  is  owing  to  the  inductance 
of  the  loop.  The  magnetic  flux  from  the  current  moves  back 
and  forth  through  this  loop  at  each  pulse  of  the  current,  and  es- 
tablishes a  back  pressure  or  counter  e.  m.  f.  that  compounds  with 
the  ordinary  c  r  drop,  rectangularly.     No  attention  is  here  paid 
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no 


to  the  static  capacity  of  the  line,  which  is  indeed  of  minor  im- 
portance in  overhead  wires  of  only  a  few  miles  in  length,  but 
whose  influence  on  the  impedance  factor  increases  with  the 
capacity  of  the  line,  the  frequency,  and  the  e.  m.  f. 

In  order  to  reduce  the  impedance  of  our  pair  of  overhead  wire» 
as  far  as  possible,  we  must  bring  them  close  together,  so  that  the 
loop  may  hold  less  flux,  and  the  counter  e.  m.  f.  from  the  oscilla- 
tion of  this,  will  be  correspondingly  lessened.  A  safe  practical 
distance  might  be  ten  inches  (25.4  cms.)  apart.  By  bringing 
them  to  this  distance  their  impedance  would  be  reduced  to  34.7 
ohms  for  the  whole  loop,  and  the  impedance  factor  from  1.5  to 


IVO 


KENNBLLT  ON  IMPBDANOE. 


[April  18, 


§8     I 


siiiiR  ly^H  sh^n  %s,%n  H^ir  siis^  ffB?i 

MMMMM       MMfliMtt       i«f«Mm(«>      mm^^«      ^««^<i^m      min  wmtm)      <o«>c  »«•    , 

um««,;,  ^j,Mio6o  ss'ggvi  s»R8j§  j8»Hj  i^§ii  i\i{ 


mm      s 
.  0 


•s         Qi 


CicS      8 


Co2 


?«%5S  HHf  2g5^r  ja^g^  ^g^^gg,  sPRgi.  ^^x 

MMM»«M       MMMHM       ctftfiMfi       flimmmfo      mfnm^o^      ♦♦^♦*      «omi»»i« 


9»rr)«0  CIK       ^OW^«•l  (IV) 


OMMftft       m<l^m^•Ok      m  rrtoo  r^O 

M     M     M     N 


*•  '^^u  uiit  Uiu  1111 


HHs  TR'S&'S  5'i.s'S'S;  1'ls^s  l-?s&S.  "SH^i  tSSS 


•      •      •      • 


•  « 


mt^inrnm 


00    H^  ^         N        00 


O  M  M  CI  n       *n  ♦  ^>oao       o  (««  «^  d 

M  M  M  N  r*> 


i^^'ss^  8i^s4  iiiii  iiii 

MM       A  n  «  «^      ^^^oo  K<o       6  5  5  5 

8>§5^«  i^Vz'h  Hsu   ylS^I.  5IH5  HSr§   ?IH 


•   ••••       »••••       ■••••       •••• 

OmmmCI  «f**^»0|v       OOO'i^MOO  VIW" 

M  M  M  M        m*/) 


•      •    -• 


__  •     • 

c^  fi^        f^  f^  fi  fi 


•     •     • 


M»«       MMNNm      fnini«kOv      r>»«ncip 

MM        M  ft  in  r» 


•       •       •       •       • 

J  0  tAOO  ro 

«  O^M  in  Ok 

M  M  n  w  n 

!!?!f 

Mil! 

«n^t«.r^in      wt\o  Q  noe 

•     ••••          ••••• 

MMMMci       eicitiaifli 

•    •    • 

•1  ■  ft  • 

>o  o>n  moo 

•       •       •       •       • 
0    0    M    M    M 

•       «       •       «        « 

di  6  O  "nm 

O    ••    M    M    M 

■     •     •     •     » 
tv  O^CIOO    « 

M    M    fl 

C  t^«nr«ae 

M    M    f»    «^ 

•  *    •     •    • 

M 

•  •    •     *    • 

mu  uiii 

iiy 

sllH 

•      •      •      •       • 

•    ••••         •«••• 

•   •    •   • 

»•    M    M    fl 

in  t^      fli  «n 

O     O     »<     ••     M 


m 


M% 


NCtm^irt     >ot^O>no       tnrv 

M    M    41 


{1  ♦*» 


M       mmman       Mmvit^.o       f«v)r>»9 

M       M  M  m  vt 


"  M  t^n«o 


«nMt*.n<o       ^M\o«o*      mi-f*>«*»»^  MooroM       tfi  rsflo  t»»rt      mf»mm»rt      f»»Q  o  ^ 

Ooooo       00000       ooo*«*«       MMMwc*      MMMNei      nrom  mm      ♦  ^  ♦ « 


^kO  00       n      >o       ^  n 

Odd--     Mc;«m*    'A^ooH^'     go  5^^     8^i8J8 

M     M     M     M     M 

HUI  ill!. 

ni/^qo              r«oo              ♦Mct              CO>             Cooirt 

S88      SS      s?cr     irf     'SI? 

*S    'S        ^<SiS 

M               M                         M     *•     M     •« 

•                •                          •       «       •       • 

M               «                         M     M     H     •■ 

m       ^0  Ok  "*         t 

e      0      d  ••      N 


m     <c       « 


it     t   t   i^     i   i.     9.8&8 

M  M  W  ♦  t^^flO 

M  et  m 


§     8 


»^         ♦  m       «0         00 

8     8       8     8    8 


••  ♦  <0        00 

MM  MM 

O        O  0         0 


§      si      I   ffl 


«o 

d 


•  •  • 

N  ■*•       00 


in      o 

M       m 


•Tk        K        O^ 


0Q 


6  q     i! 

.  c 

It  ^  i 


i  V. 


»^       (*k 


00      en 

m      m      ih 

I    I    § 


0        ••        «• 

M  M  M 

8    8    8 


Ok     s-m 

8    fi 


M  M 

8    c 


*•         t*         f^  •'i       00 

6      6      i  6      d  m'      ri 


IV       «r>  u^       ID        u^  ir>       C 


O 

ft 


^§ 


M  -n  ♦  irt-c      ooom^O       mao 


ss'gg    ys,i^5    8s,g5|   8J||^   §y|§    ||§| 


M  M  «  m* 


1898.] 


KBNNELLY  ON  IMPEDANCE, 


191 


1.85.  At  this  distance  of  ten  inches  between  wire  axes,  the  im- 
pedance of  the  circnit  of  Ko.  4  a.  w.  g.  will  be  a  little  less  than 
with  No.  3,  A.  w.  G.,  at  30  in  ,  although  No.  3  has  26  per  cent, 
more  weight  and  cross-section.  The  energy  expended  thermally 
in  the  wires  as  c^  r,  is  of  course  strictly  in  proportion  to  the  ohmic 
resistance,  so  that  in  respect  to  loss  of  energy,  No.  3  would  have 
the  fall  advantage  of  its  weight,  but  as  far  as  regards  drop  in 
voltage,  with  its  attendant  influence  upon  the  pressure  regulation 
over  the  system,  No.  3  at  30  in.  is  almost  the  exact  equivalent  of 
No.  4  at  10  in. 
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If  the  frequency  had  been  140  '^  in  place  of  120  '^j  the  impe- 
dance factors  of  1.5  and  1.35  would  have  become  1.9  and  1,45 
respectively,  and  the  Nos.  4  wires  at  10  in.  would  have  had  4  per 
cent,  less  impedance  and  drop,  than  Nos.  3  at  2  ft.  6  in.  ap^rt. 

It  is  evident  that  for  alternating  current  supply  circuits  which 
commonly  consist  of  pairs  of  overhead  line  wires,  the  influence 
of  their  proximity  is  of  practical  importance,  and  grows  with  the 
size  of  wire.  They  should  clearly  be  placed  for  lowest  impe- 
dance at  the  minimnm    intervening  distance  consistent  with 
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safety  ;  on  adjacent  pins  at  the  same  side  of  the  pole,  rather  than 
on  opposite  sides.  Not  only  is  their  impedance  thus  reduced,  but 
their  inductive  disturbing  influence  upon  parallel  telegraph  or 
telephone  circuits  is  reduced  also.  A  still  better  means  of  reduc- 
ing the  impedance  is  to  subdivide  the  lines,  and  employ  several 
loops  of  small  wire  rather  than  one  loop  of  large  wire. 

Curve  sheets  I  to  VIII,  corresponding  to  Tables  I  to  VIII 
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are  arranged  to  indicate  by  direct  inspection  the  impedance  fac- 
tors of  such  pairs  of  overhead  copper  wires.  The  covering  of  the 
wire,  if  free  from  iron,  of  course  plays  no  part,  or  at  least  no 
practically  appreciable  part,  in  this  matter.  The  tables  are  based 
upon  Matthiessen's  standard  conductivity,  and  a  temperature  of 
15^  c.  (59^  F.),  representing  perhaps  the  mean  annual  tempera- 
ture of  wires  in  the  temperate  zone  of  climate.     The  factors  are 
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Btrictlj  speaking  only  correct  at  this  temperature,  bat  if  applied 
to  the  resistuice  of  a  wire  at  its  actual  temperature,  the  error  is 
usually  small.  Thus  the  impedance  factor  for  a  No.  6  a.  w.  o. 
wire  at  9.1  in.  (23.1  cm)  interaxial  distance,  is  seen  to  be  1.311 


100^ 


100  uo 

Dittanoa  between  Axm  Cms. 

Curve-Plate  IV. 


at  140  '^j  so  that  its  resistance  at  standard  conductivity  and  15° 
C  of  0.0003069  ohms  per  foot  becomes  an  impedance  under  these 
conditions  of  0.0004024  ohms  per  foot.  But  if  the  wires  were  at 
the  freezing  point  of  water,  their  resistance  per  foot  at  that  tem- 
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peratare  wonld  be  0,0002897  ohms,  an  impedance  with  the  same 
factor  of  0.0003798,  while  the  correct  value  for  temperature  0"*  C 


d  M  1.0  em. 


d  =  0.9  vn\. 
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Curve-Pltte  V. 


,K.n 


would  be  0.0003895  and  the  cx)rrected  factor  1.344,  a  discrepancy 
of  about  2.5  per  cent,  for  a  change  of  temperature  amounting  to 
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15^  C.     A  correction  formula,  for  a  greater  degree  of  accnracy, 
is,  however,  given  in  Appendix  I. 

Tables  and  curves  I  to  VI  inclusive  are  of  general  application, 
dealing  with  wires  from  1  mm.  up  to  1  cm.  in  diameter,  and  also 
all  interaxial  distances  up  to  250  cms.,  for  the  successive  frequen- 
cies of  40,  60,  80,  100,  120  and  140  ^.  Tables  and  curves  VII 
and  VIII  apply  more  particularly  to  American  practice,  dealing 
with  all  sizes  of  a.  w.  o.  wires  from  No.  000  to  No.  1 1  inclu- 
sive, and  all  interaxial  distances  up  to  100  inches  for  the  two  fre- 
quencies 120  '^  and  140  '^.  Factors  for  intermediate  sizes  or  fre- 
quencies can  readily  be  found  by  interpolation.  For  instance, 
suppose  that  the  impedance  factor  is  required  for  a  pair  of 
No.  6  A.  w.  o.  wires  suspended  at  an  interaxial  distance  of  40 
inches  at  15^  C,  and  at  a  simply  harmonic  frequency  of  130  ^. 
CurvcH  VII  and  VIII  give 

No.  6  at  140  '-^  =  1.34  at  40  in. 
"      "  120  <^  =  1.26     "    " 

Taking  the  mean  value  for  the  midway  frequency,  we  have 
No.  6  at  130  '^  =  1.30.  Direct  calculation  yields  in  fact  1.300 
as  the  factor  at  130  '^. 

The  evidence  upon  which  these  tables  and  curves  are  based  is 
not  merely  theoretical.  Observations  made  upon  voltage  drops 
on  overhead  wires  in  actual  alternating  current  systems  have  cor- 
roborated the  results.  A  particular  set  of  observations  is  also 
added  in  Appendix  I,  together  with  a  simple  development  of  the 
formula  from  which  the  tables  have  been  computed  to  the  fourth 
significant  digit. 

The  same  tables  and  curves  will  of  course  apply  to  secondary 
circuits  or  interior  wiring,  and  even  if  the  pairs  of  wires  are 
twisted  together  into  double  cords,  without  serious  error,  the  only 
exception  being  to  wires  laid  in,  or  close  to  iron  pipes. 

Single  copper  wires  suspended  overhead  at  a  mean  elevation  A, 
with  ground  return,  have  an  impedance  as  though  that  ground 
return  were  replaced  by  an  insulated  copper  wire  of  equal  size 
verticallv  beneath,  and  at  a  distance  h  below  the  surface.  An 
elevation  A,  thus  represents  a  loop  interaxial  distance  of  2A,  and 
the  imaginary  wire  beJow  ground  is  the  "  image "  of  the  sus- 
pended wire,  so  called  from  the  optical  analogy  with  respect  to 
the  surface  midway  between.  Heaviside  has  pointed  out*  that 
this  result  is  based  upon  the  assumption  that  the  return  current 

J.  *'  Reprint  of  Blectrical  Papers/'  vol.  i.  p.  101. 
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through  the  ground  spreads  uniformly  through  a  thin  film  over 
the  surface,  and  does  not  penetrate  the  soil.  As  a  fact,  the  cur- 
rent cannot  be  confined  to  this  'superficial  layer,  and  the  real 
equivalent  loop  must  be  considerably  wider  than  the  hypothetical 
image  requires.  However,  as  the  real  limits  can  scarcely  be  as- 
signed, the  image  impedance  factors  may  be  justly  regarded  as 
minima,  while  the  increase  in  the  factor  is  usually  very  slow  with 
moderate  elevations,  even  for  large  changes  in  the  interaxial  dis 
tance,so  that  the  error  is  not  so  great  as  might  be  deemed  on  first 
apprehension.  The  minimum  impedance  factor  for  a  wire  say 
20  feet  above  ground,  is  therefore,  its  loop  impedance  factor  at 
40  feet  between  axes.  The  curves  indeed  could  not  conveniently 
be  extended,  at  their  existing  scale  of  construction,  to  include 
overhead  wires,  but  the  tables  have  probably  suflScient  range  for 
practical  purposes  in  this  respect. 

We  may  next  examine  how  far  these  tabulated  impedance  fac- 
tors are  liable  to  be  aflPected  by  waiving  the  restrictions  hitherto 
maintained  concerning  the  type  of  current  waves,  and  the  non- 
ferric  nature  of  the  inductances. 

Impedance  factors  for  conductors  remote  from  iron,  while  in- 
dependent of  the  current  strength,  depend  immediately  upon  the 
current  wave  character.  In  practice,  alternating  current  circuits 
contain  motors  or  transformers,  in  which  iron  plays  a  prominent 
part ;  and  owing  to  the  hysteresis  in  this  iron,  the  current  waves 
deviate  from  simple  sinusoids,  particularly  at  light  loads,  even  when 
the  E.  M.  F.  supplied  by  the  generator  is  simply  harmonic.  Of 
all  possible  current  wave  types,  however,  the  simply  harmonic  or 
sinusoidal  has  the  lowest  impedance  factor,  and  the  entries  in  the 
tables  are  consequently  minimum  values ;  but  there  appears  to  be 
no  limit  to  the  possible  augmentation  of  these  factors  under 
appropriate  conditions,  as  an  example  will  indicate. 

Let  the  current  waves  be  of  the  saw-tooth  type  [Fig.  7],  the 
rising  and  falling  lines  intersecting  the  zero  line  z  o  at  equal 
angles  but  in  opposite  directions.  Here  the  time  occupied  in 
ascent  from,  or  descent  to,  the  zero  line,  is  just  one  quarter 
period.     T>ie  impedance  factor  for  such  currents  is 
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tance  in  any  length  of  conductor,  or  in  other  words  its  time 
constant.  The  tabulated  factors  for  simple  harmonic  currents 
we  know  to  be 

or  V  1  +  39.48  ^', 

so  that  the  saw-tooth  factors  are  the  greater.  If  we  file  down 
the  points  of  the  teeth  as  shown  in  Fig.  8,  the  current  will  rise 
from  zero  to  a  maximum,  along  the  straight  line  o  a  in  less  than 
\  l)eriod,  and  the  factor  diminishes,  until  this  time  of  ascent  is 
reduced  to  ^^  of  a  period  [indicated  in  Fig.  8],  when  the  factor 
lias  its  minimum  value  for  this  character  of  wave,  viz.: 

A/i  +  43.2^'. 

After  this,  as  we  shorten  the  period  of  ascent,  the  factor  rises. 
Neither  wave  amplitude  nor  strength  of  current  can  of  course 
affect  this  consideration. 

When  asc.  and  des.  each  occ.  \  period,  factor  =  V  1  4-  48  —- ; 

7^ 


kfc  ik  (k  kk  fci 


"  ^      "         "  =  V  1  +  54.5  ^  "* 


f>    ' 


ik  k(  i%         fc£  U  fck        1  U 


(i  kk  ih  fck  i6 


u  ^      "        "    =  V  1  +  62  ^  ; 

'Sk     '        "      =\/ 1  +  411^', 

and  finally,  when  the  ascending  time  is  reduced  to  zero,  so  that 
the  rise  is  absolutely  perpendicular,  as  shown  in  Fig.  9,  the  fac- 
tor becomes  indefinitely  great,  and  the  drop  on  such  a  wire 
would  no  longer  be  finite  with  a  finite  current,  which  is  equiva- 
lent to  the  statement  that  it  is  practically  impossible  to  create 
currents  of  this  strictly  rectangular  type. 

Since  theory  assigns  no  limits,  we  are  compelled  to  accept  the 
terms  that  existing  practice  may  impose.  Fig.  10  shows  a  wave 
form  taken  from  Professor  Ryan's  paper  on  Transformers*  read 
before  this  Institute  in  January,  1890.  It  was  the  wave  of  pri- 
mary current  supplied  to  an  idle  transformer  by  an  alternator 

l.  Tranbactiohb,  vol.  vit,  p.  1. 
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whose  E.  M.  F.  was  nearly  sinusoidal.  This  wave  has  been  ana- 
lyzed into  its  harmonic  components,  given  in  Appendix  II.  We 
know  from  Fourier's  beautiful  theorem,  that  any  periodic,  non- 
re-entrant  wave,  however  complex  in  outline,  can  be  compounded 
by,  or  analyzed  into,  simple  sine  waves  whose  frequencies  are  all 
some  multiple  (integral  and  not  fractional)  of  the  resultant  or 
complex  wave  frequency.  It  is  evident  that  any  wave,  however 
irregular  in  form,  can  be  constructed  out  of  a  sine  wave  of  the 
same  length,  with  sine  ripples  of  sufficient  number  and  diminu- 
tiveness  added  to  or  subtracted  from  this  fundamental  sinusoid  at 
suitable  points,  but  it  is  wonderful  that  the  process  can  always  be 
completed  with  sine  ripples,  each  belonging  to  an  endless  succes> 
sion  of  its  own  type,  and  each  ripple-chain  having  a  wave  length 
some  submultiple  of  the  fundamental.  The  impedance  factor  for 
any  complex  harmonic  current  wave  is  always  determinable  from 
the  formula  of  Appendix  II,  when  its  dissection  into  component 
ripples,  that  is  to  say  its  harmonic  analysis,  has  been  determined. 
In  this  instance  the  harmonics  and  fundamental  wave  that  ap- 
proximately compound  into  the  current  wave  considered,  are  indi- 
cated by  the  dotted  lines  of  Fig.  10,  and  the  impedance  factor  is 

V   1  +  1.605  ^     or    V   1  +  63.35  —^ 

80  that  a  pair  of  No.  2  a.  w.  o.  wires  interaxially  distant  30  in. 
would  offer  an  impedance  factor  to  this  current  wave  at  140  ^  of 
2.708,  an  increase  of  nearly  22  per  cent,  above  the  tabular  value  for 
simple  sinusoids.  It  is  evident  that  the  drop  in  voltage  over 
•uch  wires,  or  over  any  suitable  coil  of  known  resistance  and  non- 
ferric  inductance,  would  furnish  evidence  as  to  whether  the  cur- 
rent wave  type  differs  sensibly  from  the  simply  harmonic.  The 
sensitiveness  of  the  test  increases  with  the  frequency,  and  with 
the  time  constant  of  the  coil.  Thus  the  wave  in  Fig.  10  which 
adds  22  per  cent  to  a  normal  factor  of  2.22,  adds  only  8  percent,  to 
a  normal  factor  of  1.18  at  140  ^,  such  as  would  be  furnished  by 
two  No.  8  A.  w,  o.  wires  66  in.  apart. 

Professor  Ryan's  paper  shows,  however,  that  this  distortion  in 
the  current  wave  through  the  primary  circuit  of  the  transformer, 
gradually  disappeared  as  the  load  was  added  to  the  secondary 
circuit,  and  in  fact  at  full  load,  the  current  wave  was  nearly  sinu- 
soidal, with  an  impedance  factor  close  to  the  normal  or  tabular 
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value.  This  condition  is  the  more  fortunate,  since  in  arranging' 
supply  circuits,  it  is  only  the  full  load  drop  that  is  usually  of  con- 
sequence, and  for  this  it  would  seem  that  the  tabular  impedance 
factors  are  closely  applicable,  provided  that  the  wave  of  e.  m.  f. 
genei-ated  by  the  alternator  can  be  regarded  as  sinusoidal. 

The  impedance  factor  for  an  overhead  line  wire  of  copper  is 
the  same,  whether  the  current  it  carries  is  returned  through  one 
or  through  many  similar  wires,  provided  that  in  the  latter  case 
the  return  wires  are  all  equally  distant  from  it.  In  other  words, 
if  with  any  single  outgoing  wire  as  axis,  we  trace  a  cylinder  in 
space,  the  impedance  factor  of  that  wire  will  be  the  same  whether 
its  return  circuit  be  completed  through  one  or  many  wires  of  its 
own  size,  provided  that  all  such  return  wires  have  their  axes 
located  on  the  cylindrical  surface,  and  independent  of  the  propor- 
tions of  return  current  that  these  may  individually  carry.  In  the 
extreme  case  the  return  wires  will  all  l>e  in  contact  side  by  side, 
and  form  a  continuous  shell  or  cylinder  round  the  outgoing  con- 
ductor at  the  centre,  whose  inductance  and  consequent  impedance 
remains  the  same  as  when  all  the  returns  are  removed  save  one. 
It  follows,  therefore,  that  the  inductance  of  an  insulated  copper 
wire  of  radius  r,  concentrically  surrounded,  (or  even,  it  happens, 
eccentrically),  by  a  very  thin  conducting  cylindrical  sheath  of  radius 
R  has  the  impedance  factor  of  the  same  wire  when  forming  one 
side  of  a  looped  pair  at  interaxial  distance  R,  The  inductances  and 
impedance  factors  of  the  return  conductors  in  these  cases  when 
separated  or  dispersed,  are  always  much  reduced,  and  in  this 
last  example,  the  inductance  of  the  exterior  conducting  shell 
diminishes  indefinitely  with  the  thinness  of  the  cylinder,  its  im- 
pedance factor  tending  coincidently  to  the  limit  unity. 

For  the  same  reasons  the  tables  and  curves  also  apply  to  three 
parallel  copper  wires  carrying  triphase  sine  currents  of  equal 
effective  strength,  provided  that  the  three  wires  are  equidistant. 
The  distance  between  any  one  of  the  three  pairs  will  then  cor- 
respond to  the  ordinary  loop  distance. 

All  the  results  thus  far  considered  and  tabulated  have  been 
based  upon  the  assumption  that  the  current  density  in  the  con- 
ductors remains  uniform.  It  is  well  known  that  with  alternating 
currents,  as  the  size  of  the  wire  and  the  frequency  increase,  the 
current  waves  cease  to  penetrate  with  full  amplitude  to  the  axis, 
but  tend  to  desert  the  interior  for  the  more  superficial  layers,  thus 
increasing  the  apparent  resistance  of  the  wire  while  diminishing 
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its  inductance.  The  basis  of  this  phenomenon  of  incomplete 
penetration  involves  the  theory  of  the  transmission  of  electric 
energy  through  space,  as  well  as  the  relative  share  of  the  conductor 
and  its  environing  dielectric  in  this  activity ;  but  without  ex- 
ploring fundamental  causes,  the  facts  are  readily  explained  by 
causes  more  proximate  and  familiar.  If  we  cause  magnetic  flux 
to  oscillate  round  a  straight  conductor,  an  induced  alternating  e. 
M.  F.  will  be  set  up  along  that  conductor,  as  in  any  alternating 
transformer.  But  an  alternating  current  sent  through  the  wire 
would  itself  set  up  an  oscillating  field  of  this  nature  about  the 
wire's  axis,  and  the  current  would  be  opposed  by  the  induced 
E.  M.  F.  it  thus  establishes  in  the  substance  of  the  conductor. 
This  E.  M.  F.  would  be  greatest  at  the  axis,  for  at  the  surface 
only  the  flux  sweeping  round  the  wire  externally,  generates  volt- 
age, while  as  we  descend  towards  the  centre,  the  flux  within  the 
wire  adds  to  the  effect,  particularly  if  the  wire  is  of  iron  or  nickel. 
At  the  axis,  all  the  flux  in  and  beyond  the  wire  unites  to  generate 
E.  M.  F..  in  oscillation.  Under  the  resultant  influence  of  this, 
and  the  impressed  voltage  at  the  terminals  of  the  wire,  the  cur- 
rent will  be  strongest  where  the  induced  counter  e.  m.  f.  is 
weakest,  namely  at  the  exterior  surface,  and  its  distribution  must 
be  such  that  the  "  drop  "  will  just  sustain  a  balance  between  this 
induced  and  the  impressed  e.  m.  f's.  at  every  point  and  instant. 

This  extra  virtual  resistance  by  imperfect  penetration  is  gener- 
ally negligible  in  ordinary  sizes  of  copper  wires  at  the  frequen- 
cies employed  in  practice.  Thus  with  No.  000  a.  w.  o.,  the  larg- 
est wire  in  the  tables,  this  extra  resistance  is  1.6  per  cent,  at  140  ^^ 
1.2  per  cent,  at  120  '^,  and  0.8  per  cent  at  100  ~;  while  the 
impedance  factors,  combining  this  with  the  inductance  are  af- 
fected in  a  still  lesser  degree.  Again  for  No.  00  a.  w.  o.,  the 
extra  resistance  is  1.0  per  cent,  at  140  ~,  0.75  per  cent,  at  120  ^ 
and  0.5  per  cent,  at  100  ^,  so  that  for  nearly  all  purposes  we 
may  neglect  this  influence  and  accept  the  results  embodied  in  the 
curves  and  tables,  wherein  perfect  penetration  is  assumed. 

But  in  iron  wires  this  virtual  extra  resistance  is  known  to  at- 
tain large  proportions  within  practical  limits  of  size  and  fre- 
quency. Figs.  1 1  and  12  represent  a  series  of  observations  upon 
iron   wires   carrying  current  waves   approximately   sinusoidal,^ 

1.  The  analysis  of  the  wave  of  b.  m.  f.,  generated  by  the  alternator  in  these 
and  other  experiments  described,  was  made  by  a  wiping  contact  and  static 
voltmeter,  over  100  subdivisions  of  the  cycle,  and  the  plotted  observations 
nowhere  differed  from  a  sinusoid  by  more  than  8^. 
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at  140  ^,  These  iron  wires  were  stretched  in  a  long  loop 
npon  the  testing  room  floor,  the  interaxial  loop  distance  being  10 
cms.  The  impedance  factors  of  the  wires  in  copper  under  these 
circamstances  would  have  been  1.42  for  No.  5  b.  w.  o.  and  1.1 
for  No.  9  B.  w.  o.  The  impedance  factors  commenced  at  values 
not  far  above  these,  but  increased  with  the  current  to  a  maximum 
about  ten  amperes  for  the  larger  wire,  and  7.5  amperes  with  the 
smaller,  while  beyond  those  currents  the  factors  diminished. 
These  impedances  were  compared  with  that  of  a  stout  german 
silver  wire  in  the  form  of  a  long  loop,  and  with  the  aid  of  a  diflPeren- 
tial  dynamometer,^  each  of  the  two  separate  dynamometers  in 
the  complete  differential  instrument  being  connected  by  "pressure 
wires"  with  either  the  standard  loop  of  german  silver  or  the 
measured  loop  of  iron  wire,  the  connections  being  occasionally 
interchanged  as  a  check.  As  the  current  in  the  loops  varied,  the 
electrodes  on  the  iron  wire  loop  had  to  be  sliifted,  in  order  to  re- 
store the  differential  balance.  In  this  way  reliable  results  could  be 
obtained  with  55  metres  of  stout  iron  wire,  and  so  long  as  the 
temperature  of  the  iron  is  not  sensibly  elevated,  the  results  are 
definite,  and  retain,  within  the  limits  of  observation,  the  same 
values  in  ascending  or  descending  series  of  current  strengths. 
By  welding  short  lengths  of  the  two  samples  of  wire  into  circu- 
lar loops,  and  wrapping  these  with  wire,  their  permeability  and 
reluctivity  were  determined  by  ballistic  galvanometer  according 
to  the  curves  shown. 

A  similar  impedance  test  of  a  loop  of  No.  14  a.  w.  g.  iron 
wire  (diameter  0.16  era.)  showed  that  the  impedance  did  not  sen- 
sibly alter  between  current  strengths  of  0.2  and  2.0  amperes,  the 
latter  being  the  limit  imposed  by  elevation  of  temperature.  In 
this  case  with  an  interaxial  distance  of  19  cms.  and  140  '^,  the 
observed  factor  was  1.03. 

The  influence  of  imperfect  penetration  on  the  impedance  of 
iron  wires  has  been  calculated  by  Raleigh  and  Heaviside  on  the 
basis  of  a  uniform  permeability  through  the  wire.  In  reality  the 
results  are  still  more  complex,  owing  to  the  variation  of  the  per- 
meability at  different  distances  from  the  centre. 

A  number  of  measurements  upon  impedance  in  iron  wires  of 
the  quality  in  ordinary  use  for  telegraphic  and  telephonic  use, 
seem  to  show  that  with  comparatively  feeble  currents,  the  mean 
permeability  of  the  iron  is  about  15().     This  means  that  the  in- 

1.  This  instrument  has  been  lately  fully  described  in  the  Electrical  Engineer. 
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dnctance  of  an  iron  wire  is  12  miUihenrys  per  mile  greater  than 
the  inductance  would  be  if  the  wire  were  of  copper.  On  page 
10  of  Vol.  VIII.  of  the  Transactions  of  this  Institute,  a  table 
is  given  of  the  inductance  of  suspended  single  wires  of  copper 
with  ground  return.  The  average  value  is  about  3  millihenrys 
per  mile.  If  these  are  increased  by  12  millihenrys,  the  entries 
should  correspond  to  the  average  inductances  of  iron  wires  under 
similar  conditions  (i.^.,  about  15  millihenrys  per  mile),  except 
that  for  wires  of  more  than  1  mm.  radius  or  2  mms.  diameter — 
say  No.  12  a.  w.  g.— the  influence  of  imperfect  penetration  com- 
mences to  be  serious,  and  impedances  calculated  from  these 
inductances  are  only  reliable  for  iron  wires  of  No.  12  a.  w.  o. 
or  smaller. 

Continuing,  Mr.  Kennelly  added  orally : 

In  conclusion,  to  sum  up  briefly  in  inverted  order : — First  the 
inductance  of  a  telephone  iron  wire  is  about  five  times  as  great 
as  the  inductance  of  that  wire  if  it  were  copper.  From  that 
inductance,  the  impedance  of  the  wire  for  various  telephonic 
frequencies  can  be  determined. 

Secondly,  the  impedance  of  a  larger  iron  wire,  wherein  im- 
perfect current  penetration  plays  a  considerable  part,  is  such 
that  it  increases  to  a  maximum  with  a  certain  current,  and  then 
diminishes  as  that  current  is  increased. 

Thirdly,  the  impedance  of  copper  wires  such  as  are  used  in 
the  distribution  of  electric  light  and  power  on  alternating  cur- 
rent systems  can  be  determined,  if  the  current  waves  are  known 
to  be  practically  sinusoidal,  when  the  distance  of  these  wires 
apart,  and  their  sizes  are  known.  Take  the  drop  that  would  be  es- 
tablished by  the  current  if  continuous,  and  multiply  by  the  fac- 
tor as  shown  in  these  tables  and  curves. 

And,  fourthly,  and  with  most  emphasis  of  all,  the  paper  has 
been  written  with  the  endeavor  to  point  out  that  the  difficulties 
which  at  present  enshroud  the  use  and  the  working  theory 
of  alternating  currents  are  largely  fictitious.  An  alternating 
current  circuit  is  certainly  a  very  complex  thing ;  but  so  is 
a  dynamo,  and  we  can  predetermine  dynamos  with  a  degree  of 
accuracy  sufficient  for  all  practical  purposes.  We  know  when  a 
machine  is  designed,  within  reasonable  limits,  what  the  voltage 
will  be  at  its  terminals  when  drisren  at  a  certain  speed  with  a 
certain  excitation  and  load,  although  the  exact  calculation  would 
transcend  all  the  capabilities  we  possess  at  this  day.     Similarly, 
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working  theories  which  are  sufficiently  good  for  most  practical 
purposes  run  through  all  the  kindred  sciences,  whereas  the  exact 
theories  are  beyond  present  human  capabilities;  and  although 
alternating  currents  are  so  difficult  when  studied  accurately  and 
absolutely,  the  working  theory  of  alternating  currents  can  be 
made  as  simple  as  the  working  theory  of  continuous  currents. 
I  am  firmly  impressed  with  the  belief — a  belief  which  I  trust  I 
may  be  able  to  communicate — that  the  most  convincing  way  of 
proving  that  this  difficulty  which  has  hitherto  surrounded  the 
alternating  current  and  its  distribution,  can  be  eliminated  and  re- 
moved is,  by  the  development  of  the  notion  of  impedance. 
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APPENDIX  I. 

Determination  of  the  inductance  of  a  loop  formed  by  two  in- 
definitely long  parallel  copper  wires  each  of  radius  r  cms.  fixed 
at  an  interaxial  distance  rf  in  a  medium  of  inductivity  /i.  Let 
the  substance  of  the  wires  have  a  resistivity  p  and  inductivity  //q. 
Let  the  two  wires  be  denoted  by  the  symbols  A  and  D, 

The  inductance  L  (cms.)  of  a  given  length  /  (cms.)  in  either  of 
these  wires,  say  -4,  will  be  the  total  flux  through  the  loop  linked 
with  unit  current  {y  =  1)  flowing  through  that  length.  This 
flux  is  partly  external  to  the  wire  A  and  partly  within  its  sub- 
stance. 

Considering  first  the  external  flux,  the  intensity  B  at  any  point 

P 

due  to  uniform  current  of  y  units  in  A  where  p  is  the  radial  dis- 
tance OP.  from  the  axis  C^  of  ^.  In  a  rectangle  of  length  I  and 
breadth  d  p  drawn  in  the  plane  through  the  wire  axis,  the  total 
flux  will  be 


F=  Bid  p  =  2lrpL 


d  p 


P 

The  total  flux  through  the  loop  from  the  surface  5f  A  to  the 
centre  of  2>,  so  far  as  depends  on  ^'s  current  is  the  integral 
of  this  expression  between  the  limits  p  =  r  and  p  =•  d  or 

F=  2/r/^loge-^ 

and  all  of  this  flux  encircles  and  is  linked  with  the  current  j 
making  the  current  flux 

2  /i  Z  r^  log  £  —  . 

Within  the  substance  of  -4,  and  at  radius  p^  the  intensity  will 
be 

o  TT  />^     2        2  r  /> 

n  7^    p  r* 

In  a  similar  rectangle  of  length  /  and  breadth  d  p  the  penetra- 
ting flux  is 

F=—J^fiopdp 

and  this  flux  is  not  linked  with  all  the  current  y^  but  with  that 
portion  only  which  is  within  a  cylinder  of  radius  p  namely  with 

so  that  the  current  flux  linkage  is 


—^fi^p'dp 
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for  the  elementary  rectangle.    The  total  flax  linkage  within  the 
wire  will  be  the  integral  oi  this  expression  from 

p  =  oto  p  =  r  or  -±  fjL^. 
The  total  cnrrent  flux  linkage  for  the  wire  A  is 

This  is  the  inductance  Z  of  the  length  of  I  when  7^  =  1  so  that 

Z  =  l{fl  +  2f.\ogel) 

nxkd  the  inductance  per  cm. 

i  =  ^  =  ^4-2/.log.f 

By  symmetry  it  will  be  the  same  for  either  A  or  D, 
For  wires  in  air  p  is  practically  unity 

and  ;  =  ^  +  2  log  e  -^  . 

For  iron  wire  in  air  p^  is  practically  about  150  for  currents  of 
a  few  milliamperes  from  a  number  01  measurements,  so  that 

^^^  =  f  75  -|-  2  log  £  — J       centimetres. 

For  copper  wire  po  =  1  practically,  and 

Xcu  =  (-^  4"  2  log  £  —j       centimetres. 
The  harmonic  impedance  factor  for  copper  wires  is 

r 
where  p  =  2  n  n 

r  =  the  resistance  of  the  wire  per  linear  cm. 

^  J!_ 


.'.  /=/        p"  n^  r*  f 0.5  +  2  log  £  —V 

This  is  the  formula  from  which  the  Tables  I.  to  VIII.  have 
been  computed,  p  being  taken  for  15^  C  as  1688.6  units  o.  o.  s. 

For  any  small  change  d  p  in  p,  such  as  might  be  due  to  a 
change  in  assumed  temperature  or  conductivity,  the  correspond- 
ing discrepancy  introduced  into  the  tubular  value  of  the  lactor 
/is 


,y  =  -  ^(£^) 
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and  the  fractional  error 

The  coefficient 

is  the  coefficient  of  reduction  from  a  small  percentage  variation 
in  the  resistance  to  the  corresponding  percentage  variation  pro- 
duced in  the  impedance  factor. 
Thus  for 

/  =  2,       (l-/.)  =  i 

and  a  change  of  4^  additional  resistivity  in  p  will  reduce  the 
impedance  factor  by  4  X  i  or  Z%. 


Pakticulars  of  the  Measxtbed  Values  of  Impedance  Factob 

ON  Three  Parallel  Overhead  Copper  Wires. 

These  parallel  copper  wires  each  4,000  feet  long  and  No.  6  b. 
^w.  o.  0.203'  (0.516  cm.)  in  diameter,  suspended  on  poles  at  an 
elevation  of  about  18  feet.  The  mean  distance  of  these  wires 
from  one  another  is  approximately  one  foot  (30  5  cms.) 

The  mean  resistance  of  each  wire  was  1.03  a>  and  the  mean 
inductance  of  each  wire  when  tested  in  looped  pairs  1.264  milU- 
lienrys,  the  temperature  of  the  air  in  the  shade  being  29®  C. 
Insulation  of  each  wire  approximately  30,000  a>  to  ground. 

A  1,000-volt  alternator  of  141.6  ~  whose  k.  m.  f.  is  practically 
sinusoidal,  was  connected  to  a  transformer  reducing  to  50  volts 
and  this  secondary  pressure  through  volt  and  ammeters  to  succes- 
sive looped  pairs  of  these  overhead  wires.  The  mean  impedance 
of  each  wire  by  volt  ampere  reading  was  1.513  a>.  Beproducin^ 
with  the  same  instruments  the  same  readings  of  current  and 
voltage  from  a  continuous  current  dynamo,  the  mean  resistance 
was  1.029  (a  ner  wire,  making  the  observed  impedance  factor 
1.47.  With  the  mean  measured  inductance  of  1.264  millihenrys 
the  calculated  impedance  factor  is  1.48  by  the  formula 


/=v 


1+^P-A 


For  No.  6  B.  w.  o.  wires,  the  factor  for  an  interaxial  distance 
of  12  inches  is  in  fact  1.485  by  interpolation  from  the  curves 
and  tables. 
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APPENDIX  II. 

If  the  periodic  current  of  c  amperes  (eflEective)  flowing  through 
a  wire  at  ri  '^  be  analyzed  into  harmonic  components : — 

c=(7  Anpt+D  8in(2jp^+^2)+^8in(3^^+^8)+i^Bin(4jE>^+(?4)+ 

=  (7j  ^mpt-{-  a  8in(2^^+^2)+  i?8in(3^^+^8)+  T  8in(4j9^t-(?4)+ 
The  impedance  factor  for  the  wire  will  be 


V 


1  +  oa  +  iS"  +  ?^  + 


or  II  -s— 5-  =  J 
r 


V  i4--«,  +  ^  +  ^  + 

The  primary  current  wave  observed  by  Messrs.  Ryan  and 
Merritt  as  supplied  to  an  unloaded  transformer  is  approximately 
compounded  as  follows.  See  also  p.  454  Flemmg's  "Trans- 
former," vol.  ii. 

i  =  0.1963  sin  {pt  —  49^.  20')  +  0.04827  sin  (3  pt  —  76^.  50^ 

+  0.01627  sin  (^  pt  —  90^). 

Here  S  =  ^—^  =  0.2463,  and  b  =  5:?^  =  0.08156. 
^       0.1963  '  0.1963 

.-./=       /(l+^'\+0.06066(l+9^) +0.006652  (l+25^) 
V  1  +  0.06066^  0.006652 

=  Vl  -f  1.605^^ 


=\/ 


1  +  63.35 


n 


2  Ti 
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Discussion. 

The  Chaibman  : — I  think  every  one  here  will  agree  with  me 
that  the  Institute  is  to  be  congratulated  upon  this  magnificent 
paper  of  Mr.  Kennelly's.  It  is  indicative  oi  a  very  large  amount 
of  painstaking  care.  There  are  quite  a  large  number  of  gentle- 
men here  in  the  meeting  to-night  who  have  made  considerable 
study  of  this  subject,  and  the  Institute  will  be  very  glad  to  hear 
from  them.  Beiore,  however,  asking  for  remarks,  the  Chair 
would  like  to  refer  to  one  point  in  Mr.  Kennelly's  paper  that  he 
made  inquiry  about  in  London  during  the  last  year.  Mr.  Ken- 
nelly  referred  to  the  "well-known  Ferranti  effect."  As  I  under- 
stand, shortly  after  the  station  started— the  sulvstation,  I  think  it 
is  in  Grosvenor  Gallery,  some  miles  distant  from  the  main  station, 
was  supplied  with  electricity  from  the  main  station,  and  when 
tests  were  made,  it  was  found,  to  the  surprise  of  a  great  many 
people,  that  the  potential,  instead  of  being  lower  at  that  point, 
was  higher  than  it  was  at  the  original  source. 

Last  year  while  in  London,  I  visited  the  Ferranti  station  at 
Deptford  a  number  of  times  and  inquired  particularly  of  Mr. 
d' Alton,  the  manager  and  electrician  of  the  conopany,  whether 
this  so-called  Ferranti  effect  existed  upon  the  Ferranti  mains, 
and  whether  it  was  due  to  an  electrostatic  effect  or  not.  He  in- 
formed me  that  it  did  not  exist,  and  that  many  prominent  scien- 
tific men  had  rushed  into  print  to  explain  theoretically  the  causes 
of  this  effect;  that  a  number  of  papers  had  been  written  about 
it,  but  that  it  was  found  afterwaras  to  be  an  effect  which  did  not 
exist.  I  asked  if  he  could  show  me  the  difference  of  potential 
between  the  generating  station  and  the  sub-station,  and  he  took 
me  to  the  switchboard  and  stated  that  the  difference  of  potential 
was  several  volts  lower  at  the  sub-station  than  at  the  generating 
station.  Periodically  a  signal  was  sent  from  the  latter  to  the 
former,  indicating  that  the  potential  had  fallen  below  normal. 
"  If  you  will  stand  by  the  mstrument,"  he  said,  "  you  will  see 
that  the  difference  of  potential  is  exactly  what  the  drop  is  calcu- 
lated to  be  between  the  sub-station  and  the  main-station,  and  it  is 
higher  at  the  original  generating  source  than  at  the  other.  Ac- 
companying me  at  the  time  was  Mr.  C.  H.  W.  Biggs,  the  editor 
of  the  jElectrical  Engiiieei*  of  London.  Mr.  Biggs  and  another 
editor  of  a  paper  in  London  stated  to  me  that  this  T erranti  effect 
did  not  exist,  and  that  a  great  deal  had  been  written  about  it  that 
should  not  have  been  written.  Mr.  Biggs  said  that  at  the  time 
this  appeared,  he  stated  editorially  that  it  was  based  upon  wrong 
premises.  This  is  all  that  I  can  say  personally  about  it,  but  I 
doubt  not  that  Mr.  Kennelly  can  give  further  infonriation  on 
the  subject  and  I  should  be  pleased  to  hear  from  him  upon  the 
subject. 

Mb.  Douglass  Bubnett  : — Mr.  Chairman,  let  us  for  a  moment 
consider  a  little  more  carefully  two  of  Mr.  Kennelly's  equations. 
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First,  the  one  on  p.  178.     Let  us  pnt  it  equal  to  c\  i.e.j 

c  =  ep  k  =  2  7t  e  kn,  (I.) 

and  regard  c  and  n  as  the  variables.  It  is  evident  that  the  curve 
is  a  straight  line  passing  through  the  origin.  In  other  words, 
for  zero  trequency,  we  get  zero  current  through  the  condenser, 
and  thereafter  current  is  directly  proportional  to  frequency. 
For  infinite  frequency,  infinite  current  passes,  at  any  finite  vol- 
tage e. 

Second,  observe  the  formula  of  p.  179,  for  impedance.    We 
may  put  it  equal  to  /,  and  hence 


^        e  e  e 

0  = 


^^Ai^'  v^M^^Q" 


(11) 


p 

This  may  be  transformed  into 

1 


n  = 


2  ;r  *  +  y'  <f  _ 


o» 


i». 


(III.) 


We  see  directly  that : 

(a)  For  the  same  frequency,  current  is  directly  proportional  to 
E.  M.  F.,  which  was  to  be  expected  ;  that 

(J)  For  the  same  e.  m.  f.,  resistance,  and  capacity,  current  is  a 
complicated  function  of  frequency ;  and  that 

{c)  For  the  same  current,  necessary  capacity  is  inversely  pro- 
portional to  frequency.     Substituting,  as  in  the  paper. 


e  =  1000  ;  r  =  500;  ;;^  =  5  X  10 


-• 


in  either  II.  or  III.,  we  get  the  curve  of  frequencies  and  cur^ 
rents.     [See  Fig.  13,  p.  232.]     For  direct  currents, 

n  js                 J?                                ^        1000        o 
n  =  0  &  c=o.     r  or  H  =  rj  .  c  =       =  =  2 . 

/•  500 

For  frequencies  above  200,  c  lies  between  1.906  and  2.0.  This 
last  result  is  the  same  as  if  the  condenser  were  quite  short-cir- 
cuited, and  only  the  resistance  existed  in  circuit. 

Equations  11.  and  III.  probably  apply  to  (1)  the  leakage  cur- 
rent of  a  condenser,  and  to  (2)  an  electrolytic  cell  used  as  a  con- 
denser, especially  when  current-density  on  electrodes  is  smaller 
than  that  value  at  which  decomposition  takes  place. 

If  we  consider  as  the  best  in  practice,  a  diacritical  point  on  the 
frequency -current  curve  (see  Fig.  13),  as  with  H  —  b  curves,  at 
which  the  tangent  to  the  curve  makes  equal  angles  with  both 
axes,  we  should  have  (from  III.) 

a  n 
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From  which  we  find  that 

t^  =  2  7:k{t^  —  (?  r^J.  (V.) 

is  the  befit  condition.  That  is,  in  designing  apparatus  for  a  cir- 
cuit consisting  of  condenser  and  resistance  in  series,  snch  a  fre- 
Siency  shonla  be  chosen  as  makes  the  different  quantities  have 
e  relation  given  by  V. 

It  is  to  be  noticed  that  the  laws  riven  by  Mr.  Kennelly  are 
strictly  applicable  to  Wlieatstone's  Bridge. 

While  on  the  rehitions  between  frequency  and  other  Quantities, 
one  effect  may  l)e  worth  mentioning.  We  consider,  with  Flem- 
inff,^  a  circuit  of  resistance  R  and  inductance  Z,  carrying  current 
2*,  ID  parallel  with  a  similar  one  of  resistance  S  and  inductance 
iT,  carrying  current  yj  then  when  S  L  >  li  N^  the  current  y 
leads  ahead  of  the  mam  current  by  an  angle  ^ ,  determined  by 

tan<.=  {LS-RN)p 

Here  for  both  ^  =  (>  and  jp  =  oo ,  ^  becomes  0.  That  is,  for 
continuous  and  for  infinitely  rapid  currents,  there  is  no  lead. 
Using  the  ordinary  rule  of  calculus  for  determining  the  maxi- 
mum, we  find  that  for 

^  ^  _i_   ljiW±J)  (VI.) 

the  function  is  a  maximum.     Or, 

tan  ?^  =  ^Z-y?iV  ^yjj^ 

2  V  RL  {R  +  S){L  +  N) 

Therefore,  for  a  certain  determinable  frequency,  dependent  on 
the  resistances  and  inductances,  the  lead  is  a  maximum. 

These  points  are  mentioned  as  showing  the  importance  of  re- 
membering that  in  discussions  like  Mr.  Kennelly's,  we  are  dealing 
with  a  factor,  often  subordinated,  but  which  sometimes  exerts 
great  influence — namely,  frequency. 

Mb.  T.  D.  Lockwood: — I  presume  that  each  member  present 
had  been  profoundly  inten  sted  in  Mr.  Kenuelly's  paper,  and  that 
each  one  of  us  can  also  say,  and  say  it  sincerely,  that  this  evening 
we  have  added  something  to  our  stock  of  knowledge — not  so 
much,  perhaps,  that  we  can  all  assimilate  at  once  everything  we 
have  heard,  because  the  paper,  though  beautifully  plain,  and 
made  still  more  plain  by  the  admirable  extemporaneous  exposi- 
tion which  accompanied  it,  is  still  far  too  copious  and  exhaustive 
to  be  readilv  digested  at  one  sitting;  and  this  I  conceive,  Mr. 
Chairman,  is  the  real  value  of  the  paper,  that  we  have  had  a  store 

1.  Fleming;  ^'Alternate  Current  Transformer,"  vol.  i,  p.  138. 
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of  knowledge,  as  it  were,  brought  right  to  us,  and  so  placed  that  it 
can  be  embodied  in  our  proceedings  in  order  that  at  any  tinoie  we 
may  refresh  our  memory  and  replenish  our  minds  by  going  to  it, 
as  we  now  go  to  a  text-book  or  an  encyclopsedia. 

It  is  now,  I  think,  three  years  since  at  tlie  Boston  meeting  of 
this  Institute,^  I  pointed  out  that  impedances  were  capable  of,  and 
had  already  been  employed  in  many  useful  applications  to  elec- 
tric work,  although  we  did  not  at  that  time  oiten  make  use  of  the 
word  "  impedance."  It  seems  to  me  that  one  of  the  great  beau- 
ties of  practical  electrical  work  is  that  functions,  magnitudes,  and 
apparently  disadvantageous  phenomena,  which  seem  at  first  to  be 
prejudicial  to  good  work,  can  often  be  utilized  and  made  subser- 
vient to  good  work  in  other  directions.  I  may  instance  the 
polarization,  which  to  the  early  battery  inventors  and  constructors 
was  such  an  obstacle,  frequently  opposing  their  best  attempts  at 
success ;  yet  at  the  present  time  the  phenomena  of  polarization 
having  been  more  fully  worked  out,  we  find  that  it  can  be  made 
really  advantageous,  and  that  by  prosecuting  researches  in  such 
phenomena,  the  storage  battery  has  been  reached ;  so,  taking  my 
own  special  line  of  work,  it  was  found  in  the  very  early  years  of 
telephony  that  an  electro-magnet  in  a  telephonic  circuit  was  a 
very  strong  bar  to  the  passage  of  the  telephonic  impulses ;  so 
much  so  that  one  of  our  members,  Mr.  F.  W .  Jones,  in  devising 
a  remedy  for  it,  said  that  electro-magnets  were  opaque  to  rhyth- 
mical or  rapidly  alternating  currents.  But  with  the  greater  ad- 
vance of  the  science  in  its  many  industrial  applications,  and  our 
own  improved  knowledge  and  experience,  it  is  found  that  impe- 
dances can  actually  be  made  useful,  in  that  two  wires  can  be  made 
use  of  to  transmit  three  messages  at  the  same  time,  using  the  two 
wires  as  the  direct  and  return  wires  of  the  metallic  telephone  cir- 
cuit; while  on  the  Van  Rysselberghe  plan,  each  one  of  the  two 
wires  composing  that  circuit  may  he  severally  used  for  the  trans- 
mission of  telegraphic  messages ;  and  this  simply  by  placing  im- 
pedances, made  by  properly  winding  covered  wire  around  the 
iron,  and  interposing  them  between  the  telephonic  circuit  and  the 
telegraph  circuit  proper.  Such  contrivances  are  much  older  how- 
ever in  telegraphy.  I  believe  Mr.  Cromwell  Fleetwood  Varley 
(now  gone  from  us,  but  whom  England  and  America  delighted  to 
honor,)  used  impedances  in  1870 — he  called  them  echocymes — for 
a  similar  purpose,  that  is  for  working  Morse  telegraphy  and  har- 
monic telegraphy  on  one  and  the  same  wire.  In  the  matter  of 
electric  lighting  we  find  that  Professor  John  Hopkinson  devised 
impedances  by  winding  wires,  the  amount  of  which  could  be 
made  adjustable,  on  closed  magnetic  circuit  laminated  iron  cores, 
in  order  that  arc  lights  might  be  regulated  in  multiple  arc ;  and  I 
need  scarcely  call  the  attention  of  any  one  here  to  the  wonderful 
application  in  the  automatic  regulation  of  lighting  by  transform- 

1.  ''  The  Industrial  Utilization  of  the  Counter  Electromotive  Force  of  Helf- 
Induction  "    Transactions,  vol.  vii..  p.  226. 
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ere,  as  suggested,  I  believe,  by  Mr.  Kennedy,  but  worked  out  by 
his  successors,  Messrs.  Zipernowski,  D6ri  and  Blathy. 

1  have  mentioned  that  "  impedance  "  is  an  extremely  modern 
terra,  it  having  been  devised  and  given  to  us  by  Mr.  Oliver 
Heaviside,  within  the  last  seven  years ;  it  is,  however,  a  very 
graphic  and  highly  suitable  term,  and  I  for  one  am  much  obliged 
to  Mr.  Oliver  Heaviside  for  this  favor,  and  others  of  the  same 
kind. 

Mr.  Chairman,  I  have  heard  or  read,  I  cannot  tell  which,  at  the 
present  time,  that  the  late  Lord  Derby  in  one  of  his  addresses  to 
students,  defined  knowledge  as  that  which  a  man  has  so  secured 
that  he  can  produce  it  at  any  moment  from  his  own  head.  Re- 
ferring once  more  to  the  remarks  I  first  made,  I  would  like  to  say 
that  1  agree  with  Mr.  John  T.  Sprague  entirely,  in  his  view  that 
while  that  definition  is  no  doubt  a  first  class  definition  when 
cramming  for  an  examination,  it  is  not  such  a  good  definition  when 
applied  to  the  man  of  science  who  must  use  his  science  to  earn 
his  daily  bread ;  and  that  real  knowledge,  the  knowledge  which 
the  practical  man  carries  in  his  head,  is  not  perhaps  the  most  val- 
uable part  of  his  knowledge.  What  really  constitutes  the  best 
part  of  his  outfit,  is  the  knowing  where  to  find  what  he  wants 
when  he  wants  it ;  and  it  seems  to  me  that  the  paper  we  have 
had  this  evening  will  be  a  great  aid  to  manv  of  us  in  that  kind  of 
knowledge.  Hereafter  when  we  want  to  know  anything  about 
impedance,  so  far  at  least  as  it  has  up  to  the  present  time  been  in- 
vestigated, we  shall  come  to  Mr.  Kennelly's  ]iaper. 

The  knowledge  which  we  can  carry  in  our  heads  is,  it  seems  to 
me,  very  much  like  money  we  carry  in  our  pc)ckets— very  useful 
for  making  small  change  at  the  moment;  but  not  so  useful  to 
carry  on  business  with.  But  the  knowledge  which  we  can  get 
hold  of  when  we  need  it,  when  we  are  asked  a  question  about  it, 
or  when  a  question  comes  up  in  our  business — the  knowledge 
that  we  can  have  recourse  to,  and  find  out  what  we  want — such 
knowledge  is  more  like  money  that  we  have  in  our  bank  accounts, 
that  is  to  say,  if  we  have  bank  accounts,  and  any  money  in  them. 

De.  Pupin  : — Mr.  Chairman,  I  intended  to  make  several  remarks 
on  the  paper,  but  since  it  is  so  late  I  feel  that  I  must  cut  them 
down  and  be  very  brief. 

In  the  first  place,  it  strikes  me  that  Mr.  Kennelly  has  done  very 
good  service  to  practical  electrical  engineers  in  making  tables  to 
which  the  electrical  engineer  can  always  refer,  just  as  he  refers 
to  tables  for  his  resistances,  and  finds  out  what  will  be  the  impe- 
dance of  such  and  such  a  circuit.  It  is  a  very  useful  thing  and  it 
is  done  in  the  way  in  which  only  Mr.  Kennelly  can  do  it.  He  is 
well  known  for  his  neatness,  and  for  his  patience  in  working  out 
such  problems,  so  that  any  eulogistic  remarks  from  me  would  be 
superfluous. 

The  other  point  which  struck  me  as  a  very  good  point  indeed, 
is  Mr.  Kennelly's  remark  regarding  the  simplicity  of  the  alterna- 
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ting  current  theory.  I  pointed  out  in  a  paper  read  three  years 
ago  at  the  Boston  meeting  of  this  Institute,^  that  the  alternating 
current  theory  is  just  as  simple  as  the  continuous  current  theory , 
it  is  based  on  one  single  law,  namely,  Ohm's  law.  But,  of  course; 
we  have  to  limit  ourselves  to  instantaneous  values  of  things,  and 
just  as  we  say  in  a  continuous  current  circuit,  that  the  impressed 
electromotive  force  plus  the  total  drop  is  equal  to  zero,  so  we  can 
say  in  the  alternating  current  circuit  that  the  sum  of  all  the  elec- 
tromotive forces  taken  with  their  proper  sign  plus  the  total  drop 
is  equal  to  zero.  We  have  therefore  one  and  the  same  law  for 
both  kinds  of  current.  That  gives  us  our  fundamental  equation 
or  fundamental  relation  between  the  quantities  which  are  involved. 
But  since  that  relation  is  true  for  infinitely  short  intervals  of  time, 
its  symbolical  expression  mves  us  what  is  called  in  mathematics 
a  differential  equation.  The  integral  relations  which  will  hold 
true  for  any  interval  of  time  are  obtained  by  the  process  of 
integration.  Now  in  finding  the  integral  relation  between  the 
current  and  the  other  quantities  which  define  the  circuit,  like 
self-induction,  capacity,  resistance,  etc.,  we  find  that  if  we  want 
to  obtain  the  current,  we  have  to  divide  the  impressed  e.  m.  f., 
not  by  the  resistance  alone,  but  by  the  resistance  plus  something 
else,  and  that  something  else  is  composed  with  the  resistance,  just 
the  same  way  as  two  forces,  namely  by  the  parallelogram  of  for- 
ces— two  forces  wich  are  at  right  angles  to  each  other.  We  have 
therefore  the  simple  rule  that  the  resistance  can  be  composed 
with  the  inductance  speed,  as  Mr.  Kennelly  calls  it,*  just 
the  same  as  one  force  can  be  composed  with  another  which 
is  at  right  angles  to  it.  In  other  words  the  parallelogram  of 
forces  is  applicable  to  this  case.  If  there  is  a  condenser,  there 
is  capacity  in  the  circuit,  and  in  finding  the  integral  rela- 
tion between  the  current  and  the  time,  we  find  that  the 
behavior  of  the  condenser  can  be  represented  graphically  in  a 
very  simple  way  by  introducing  into  the  parallelogram  of  forces 
just  mentioned,  a  third  component  equal  to  the  capacity  speed, 
this  third  component  to  be  always  subtracted  from  the  compo- 
nent representing  inductance  speed. 

I  call  this  graphic  method  of  representing  impedance  the  appli- 
cation of  the  parallelogram  of  forces  to  the  alternating  current  cir- 
cuits. Mr.  Kennelly  prefers  to  speak  of  vector  quantities  and 
the  addition  of  vectors.  But,  of  course,  these  graphical  methods 
are  incidental  results  of  considerable  practical  importance.  The 
primary  law  is  Ohm's  law  in  its  generalized  form,  and  its  applica- 
bility to  variable  currents,  variable  but  stationary.  If  the  now  is 
not  stationary,  then  Ohm's  law  even  in  this  generalized  form  will 
be  applicable  to  infinitely  short  lengths  only  of  linear  conductors 
as,  for  instance,  in  the  case  of  very  long  wires  and  high  fre- 
quency. 

1   **  Practical  Aspects  of  the  Alternating  Current  Theory  ":    Tbaivsactions, 
vol.  vii.  p.  204,  1890. 
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The  next  point  which  I  wish  to  discuss  very  briefly  is  the  so 
called  Ferranti  effect.  I  am,  however,  somewliat  timid  about  it 
after  the  remarks  of  our  Cliainnan,  saying  that  a  great  many 
people  had  rushed  into  print  about  this  Ferranti  effect. 

The  Chaisman  : — It  was  merely  the  statement  that  was  given 
to  me. 

Dk.  Pupin  : — Well,  the  statement  then  that  was  given  to  our 
Chairman  makes  me  hesitate.     I  also  rushed  into  print  about 
something  like  the  Ferranti  effect.     I  published  a  paper  in  the 
American  Journal  of  Science^  and  the  next  paper  is  now  in  print 
about  this  very  thing.     The  Ferranti  effect  is  a  real,  existing  ef- 
fect and  can  be  made  very  strong  indeed.     Most  people  have  no 
idea  how  strong  this  effect  can  be  made.     It  is  very  simple.    The 
Ferranti  effect  is  only  a  special  case  of  the  more  general  effect 
which  I  call  the  resonance.     It  could  have  been  foreseen  twenty- 
five    years  ago  from    Maxwell's    equations  deduced  at    about 
that  period.     Maxwell,  I  think,  was  the  first  to  show  the  effect 
of  introduciuff  a  condenser  capacity  into  an  alternating  current 
circuit,   and   it  is  very  interesting  to   observe  this  circumstance. 
Maxwell  was  spending  an  evening  with  Sir  William  Grove  who 
was  then  engaged  in  experiments  on  vacuum  tube  discharges.   He 
used  an  induction   coil  for   this  purpose,  and   found  that  if  he 
put  a  condenser  in  parallel  with  tiie  primary  circuit  of  his  induc- 
tion coil,  that  he  could  get  very  much  larger  sparks,  which  meant, 
of  course,  that  he  got  a  very  much  larger  current  through  his  pri- 
mary coil,  an  alternating  current  generator  being  used  to  feed  the 
primary.     He  could  not  see  why.     Maxwell,  at  that  time,  was  a 
young  man.     That  was  about  1865,  if  I  do  not  err.     Grove  knew 
that  Maxwell  was  a  splendid  mathematician,  and  that  he  also  had 
mastered  the  science  of  electricity  as  very  few  men  had,  espec- 
ially the  theoretical  part  of  it,  and  so  he  thought  he  would  ask 
this  young  man  how  it  was  possible  to  obtain  such  powerful  cur- 
rents in  the  primary  circuit  by  adding  a  condenser.     Maxwell 
who  had  not  had  very  much  experience  in  experimental  electric- 
ity at  that  time,  was  at  a  loss.     But  he  spent  that  night  in  work- 
ing over  his  problem,  and  the  next  morning  he  wrote  a  letter  to 
Sir  William  &rove  explaining  the  whole  theory  of  the  condenser 
in  multiple  connection  with  a  coil.     It  is  wonderful  what  a  gen- 
ius can  do  in  one  night !     He  pointed  out  the  exact  relations  be- 
tween the  condenser,  the  self-induction  and  the  frequency  which 
would  give  the  largest  current,  and  he  was  the  first  to  do  this,  so 
far  as  1  know. 

We  must  always  remember  that  as  soon  as  we  add  capacity  to 
a  circuit  we  are  giving  it  elasticity.  Without  capacity  the  circuit 
has  no  elasticity.  Take  a  stiff  wire  and  suspend  a  weight,  say  a 
cylindrical  bar,  by  it.  Suppose  that  this  wire  has  no  elasticity. 
In  order  to  twist  this  weight,  in  order  to  deflect  it  from  its  posi- 
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tion  of  equilibrium,  we  liave  to  use  a  force  that  will  twist  the 
weight  out  of  shape.  The  moment  of  inertia  of  the  weight,  when 
twisted  around,  is  being  changed.  That  is  just  what  happens  in 
an  alternating  current  circuit  which  has  no  appreciable  capacity. 
The  electromotive  force  working  on  such  a  circuit  produces 
forced  vibrations.  But  suppose  tiiat  the  stiff  wire  has  elasticity. 
Then  if  you  give  an  impulse  to  the  weight,  it  will  swing,  and  the 
period  of  the  swing  will  depend  on  the  moment  of  inertia  of  the 
weight,  and  on  the  elasticity  of  the  wire  and  on  nothing  else,  pro- 
vided uf  course  that  the  frictional  resistances  are  not  too  large. 
We  can  make  that  weight  swing  rapidly  by  making  the  moment 
of  inertia  small  or  the  elasticity  large,  one  of  the  two,  or  both. 
Now  the  coefficient  of  self-induction  in  the  circuit,  corresponds  to 
the  moment  of  inertia  of  the  swinging  weight,  and  the 
capacity  in  the  circuit  corresponds  to  the  elasticity  of  the 
wire,  and  just  as  the  elasticity  of  the  wire  and  the  mo- 
ment of  inertia  of  the  weight  determine  the  period  of  the 
circuit,  so  the  capacity  in  the  circuit,  and  the  self-induction  de- 
termine the  electrical  period  of  the  circuit.  That  is  to  say  if  you 
create  a  disturbance  in  the  circuit,  say  by  pulling  quickly  a  per- 
manent magnet  away  from  the  coil,  you  will  start  an  electrical 
disturbance  there,  and  the  electricity  will  swing  back  and  forth, 
just  as  a  pendulum  swings  back  and  forth,  the  period  of  that 
swing  depending  on  the  coefficient  of  self-induction  and  the  ca- 
pacity of  the  circuit.  The  electricity  in  the  circuit  will  swing 
back  and  forth  till  it  is  reduced  to  rest  by  the  ohmic  resistance. 
If  you  now  apply  a  periodically  varying  impulse — not  a  single 
impulse,  but  a  periodically  varying  impulse  to  the  torsional  pen- 
dulum just  mentioned,  you  will  make  it  oscillate,  but  the 
oscillation  will  be  forced,  if  the  period  of  the  acting  force 
is  different  from  the  natural  period  of  the  pendulum.  But  if  the 
two  periods  are  exactly  the  same,  then  the  oscillation  of  the  pen- 
dulum is  a  free  oscillation,  and  the  force  and  pendulum  are  in 
resonatice.  Now  what  is  the  effect  of  free  oscillation  ?  The  effect 
of  free  oscillation  is  to  reach  a  larger  swing  than  the  forced  oscil- 
lation under  the  action  of  a  force  of  the  same  mean  intensity. 
The  swing  will  continually  increase,  until  the  work  done  against 
the  frictional  resistances  during  one  half  of  the  swing  is  exactly 
equal  to  the  work  which  the  moving  force  does  in  that  time.  If, 
therefore,  the  resistance  is  very  small,  you  see  that  the  swing  will 
increase  indefinitely.  But  -what  happens  to  the  wire?  Kesonant 
swinging  means  simply  this: — The  kinetic  energy  of  the  swing- 
ing weight  is  periodically  reduced  to  zero,  that  is,  transformed 
entirely  into  the  potential  energy  of  the  elastic  forces  of  the  wire 
and  vice  versa ;  so  that  the  larger  the  swing,  the  larger  will  be 
the  maximum  elastic  force  with  which  the  wire  reacts;  so  that  the 
smaller  the  frictional  resistances  the  krii^er  the  elastic  reaction. 
But  we  must  remember  that  the  elastic  force  in  the  wire 
corresponds  to  our  potential  difference  in  the  condenser,  so  that 


18W.]  D18CUSS10JV.  225 

by  acting  upon  the  circuit  by  means  of  an  electromotive  force 
whose  period  is  exactly  the  same  as  the  natural  period  of  the  cir- 
cuit, we  produce  an  electrical  flow  which  continually  increases 
until  it  has  obtained  a  maximum  value  and  at  that  time,  of  course, 
the  potential  difference  in  the  condenser  may  be  many  times 
higher  than  the  voltage  of  the  impressed  electromotive  force. 
I  have  produced  by  very  simple  means  a  rise  of  potential  from  60 
volts  to  900  volts  just  that  way,  and  from  80  volts  to  nearly  1,200 
volts  by  putting  a  condenser  in  series  with  a  coil,  and  a  proper 
adjustment  of  the  two.  I  took  the  secondary  of  a  transformer 
and  placed  with  it  a  large  coil,  large  self-induction,  in  series,  and 
then,  in  series  with  this,  a  condenser;  and  then  I  adjusted  my 
capacity  to  the  self-induction  in  such  a  way  that  I  brought  the 
period  of  the  circuit  in  resonance  with  the  frequency  of  my  alter- 
nator, and  the  consequence  was,  that  the  difference  of  potential 
(indicated  by  a  Thomson  electrostatic  voltmeter)  went  from  80 
volts  to  1,200  volts. 

If  you  create  too  much  rise  of  potential  your  condenser  goes, 
am  working  at  that  problem  yet,  and  I  expect  to  be  able  very 
soon^  in  fact  I  have  already  promised,  to  read  a  paper  before  the 
Institute  on  this  very  thing.  I  have  no  doubt  that  it  is  quite 
possible  to  transform  50  or  00  volts  into  10,000  or  15,000  or  any 
number  of  volts  in  that  way. 

On  page  178  of  the  paper  it  is  mentioned  that  the  reason  for 
the  non-equality  of  the  voltage  on  the  series  of  the  two  impe- 
dances with  the  arithmetical  sum  of  the  voltages  measured  on  each 
impedance  in  turn,  is  due  to  the  fact  that  the  currents  in  the  two 
coils  are  usually  out  of  step.  I  should  like  to  point  out  that  this 
is  misleading.  The  current  must  have  at  any  moment  the  same 
phase  at  every  point  of  an  alternating  current  circuit,  otherwise 
there  would  be  an  accumulation  or  absorption  of  electricity  at  the 
points  where  a  change  of  phase  existed.  There  is  evidently  a 
lap»us  Imffiiae  in  the  paragraph  referred  to,  and  I  have  no  doubt 
that  Mr.  Kennelly  will  easily  change  the  paragraph. 

Mr.  Kennelly  : — Dr.  Pupin  is  right  concerning  the  paragraph 
on  page  178,  which  by  an  oversight  is  misleading.  The  sentence 
should  read  "  due  to  the  fact  that  'otherwise  the  currents  in 
t,  and  ii  while  of  equal  strength  develop  in  these  counter  e.  m. 
f's  that  are  out  of  step." 

De.  Geyer  : — Mr.  Kennelly  has  in  those  plates  given  us  very 
instructive  information  tending  to  show  that  in  the  alternating 
system  of  distribution  there  is  a  somewhat  greater  drop  than  in 
the  continuous  current  system,  and  he  has  also  called  attention  to 
the  interesting  fact  that  on  account  of  the  distortion  of  the  sinu- 
soidal wave  by  the  transformer  under  light  load,  this  extra  drop 
is  to  some  extent  increased,  so  that  the  distribution  is  still  less  uni- 
form than  it  would  be  without  this  action  of  the  transformer.  I 
believe  all  this  applies  to  the  primary  part  of  the  circuit.  I  should 
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like  to  consider  for  a  moment  the  secondary  part  of  the  circuit — 
say  the  house  wiring.  I  do  not  at  this  moment  recollect  whether 
there  is  a  corresponding  distortion  of  the  sinusoidal  wave  in  the 
secondary  part  of  the  circuit,  and  I  should  like  to  ask  Mr.  Ken- 
nelly  if  there  is,  or  if  there  is  not,  a  corresponding  tendency 
there  to  increase  the  extra  drop. 

Mr.  Kennelly:— As  Dr.  Geyer  has  remarked,  the  impe- 
dance factor  increases  above  the  tabular  values  when  the  cur- 
rent waves  are  not  simply  sinusoids,  and  in  such  cases  the  drop  in 
the  primarv  feeders  is  further  augmented.  But  if  the  alterna- 
tor supplying  these  feeders  generates  a  wave  of  e.  m.  f.  that  is 
sinusoidal,  the  transformer  must  also  generate  e.  m.  f's  that 
are  very  nearly  sinusoidal,  both  in  its  primary  and  secondary 
coils,  even  although  the  primary  current  wave  may  be  severely 
distorted  under  the  influence  oi  hysteresis  in  the  core.  Conse- 
quently, with  only  incandescent  lamps,  and  no  ferric  induc- 
tances, in  the  secondary  circuit,  the  secondary  current  waves  will 
be  very  nearly  sinusoidal,  making  the  impedance  factors  of  the 
secondary  conductors  practically  tabular. 

The  Chairman  : — I  want  to  say  just  a  word  in  reference  to 
Dr.  Pupin's  remark.  The  remarks  that  I  made  upon  the  Fer- 
ranti  effect  were  based  entirely  upon  the  statements  made  to  me 
by  parties  on  the  other  side  of  the  water,  and  referred  particular- 
ly to  the  effect  claimed  to  be  produced  upon  the  Ferranti  cable, 
and  not  alone  the  peculiarity  of  a  difference  of  potential  which 
might  be  caused  by  electrostatic  phenomena,  and  I  should  like 
to  ask  Mr.  Kennelly's  opinion  as  to  the  reliability  of  the  reports 
respecting  the  Ferranti  effect  as  produced  upon  his  underground 
cable  in  London. 

Mr.  Kennelly  : — Not  having  had  the  pleasure  of  being  pres- 
ent at  the  measurements  or  observations  that  were  made  on  the 
Ferranti  cable,  I  am  unable  to  give  any  direct  evidence  whatev^er, 
but  having  carefully  read  Dr.  Fleming's  very  interesting  paper, 
in  which  a  large  number  of  experiments  were  described  upon 
the  pressure  as  generated  and  supplied,  I  think  there  is  no  es- 
cape from  the  conclusion  that  under  certain  conditions  of  load 
and  transmission,  an  effect  was  produced  which  bears  the  name 
of  the  Ferranti  effect ;  but  that  possibly  under  conditions  which 
were  described  by  the  Chairman  that  effect  did  not  exist.  It  is 
entirely,  of  course,  a  matter  of  the  resonance  in  the  circuit,  as 
Dr.  Pupin  has  described  it,  and  if  you  do  not  have  the  right  load, 
that  effect  may  disappear.  So  it  is  quite  easy  to  understand  that 
the  cable,  under  certain  conditions  of  load  or  transmission,  might 
be  resonant  and  might  exalt  the  ])ressure  ;  while  under  normal 
load  this  effect  might  cease  to  exist. 

Mr.  C.  S.  Bradley  : — Mr.  Chairman,  1  think  the  paper  is  en- 
tirely beyond  my  scope.  I  should  like  to  thoroughly  understand 
it.     It  has  given  me  a  great  many  points  and  it  is  very  clear  in- 
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deed.  I  am  very  glad  to  have  heard  it,  and  I  think  it  will  prove 
of  great  value  as  a  reference.  I  have  not  digested  it  yet,  to  bor- 
row Mr.  Lockwood's  phrase,  and  therefore  1  am  not  prepared  to 
say  very  much  about  it. 

Mr.  Ixx)kwood  : — As  no  one  else  seems  inclined  to  discuss  the 
paper,  I  should  like  to  move  that  the  Institute  present  to  Mr. 
Kennel  ly  a  very  hearty  and  cordial  vote  of  thanks,  for  the  intel- 
lectual treat  which  he  has  provided  for  us. 

Mk.  Sprague  : — I  should  like  to  second  the  motion  of  Mr. 
Lockwood.  I  am  prevented  by  an  impedance  in  my  own  head 
from  taking  any  part  in  the  discussion.  But  I  want  to  thank  Mr. 
Kennelly  for  placing  on  the  record,  where  it  can  be  easily  ob- 
tained, so  much  solid  information,  so  clearly  expressed,  about  a 
subject  that  is  so  little  understood.  While  great  knowledge  is 
always  of  value  if  carried  in  one's  own  head  ;  if  it  is  placed  wnere 
one  can  get  at  it  with  little  trouble,  and  so  that  when  gotten  it 
can  be  easily  digested,  there  is  perhaps  more  benefit  derived 
by  the  general  run  of  electrical  engineers  than  if  they  attempt 
to  acquire  too  much  personally.  So  I  heartily  second  the  mo- 
tion tnat  is  made  that  a  vote  of  thanks  be  tendered  to  Mr. 
Kennelly  for  his  most  interesting  and  valuable  paper. 

[The  motion  was  carried.] 

Adjourned. 


[Communicated    after    adjournment    by    Mr.    Charles    P. 
Stein  METZ.] 

I  have  read  Mr.  Kennelly's  valuable  paper  on  "  Impedance  " 
with  the  greatest  interest,  and  am  only  sorry  that  I  was  not  able 
to  be  present  at  its  presentation. 

One  statement,  however,  1  would  like  to  emphasize  somewhat 
more  strongly,  since  in  the  paper  it  is  enclosed  between  so  many 
remarks  of  the  highest  practical  value  as  to  be  liable  to  escape 
due  notice,  viz.:  that 

"Any  circuit  whatever,  consisting  of  a  combination  of  resist- 
ances, non-ferric  inductances  and  capacities,  carrying  harmonically 
alternating  currents,  may  be  treated  by  the  rules  of  unvarying 
currents,  if  the  impedances  are  expressed  by  complex  numbers : 

a  +  iy  =  '/•  (cos  ip  -{-  j  sin  ^ ) , 

the  algebraical  operations  being  then  performed  according  to  the 
laws  controlling  complex  quantities/' 

It  is  well  known  that  the  ])oints  of  a  i)laiie  can  be  represented 
by  complex  quantities  in  their  rectangular  representation 


(•)  Wherei  denotes  V  —  1 
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or  their  polar  representation 

T  (cos  ^  +  ^*  sin  ^), 

and  use  has  been  made  hereof  repeatedly  in  the  mathematical 
treatment  of  vector  quantities.  It  is,  however,  the  first  instance 
here,  so  far  as  I  know,  that  attention  is  drawn  by  Mr.  Kennellv 
to  the  correspondence  between  the  electrical  tenn  "  impedance^' 
and  the  complex  numbers. 

The  importance  hereof  lies  in  the  following : — The  analysis 
of  the  complex  plane  is  very  well  worked  out,  hence  by  reducing 
the  electrical  problems  to  the  analysis  of  complex  quantities  they 
are  brought  within  the  scope  of  a  known  and  well  understood 
science. 

Let  us  consider  an  instance  hereof  which  will  bring  us  to 
another  point  I  intend  to  dwell  upon. 

In  the  alternating  current  line  mentioned  on  page  187,  of  Mr. 
Kennelly's  paper,  the  impedance  of  the  loop  can  be  expressed  by 
the  complex  quantity, 

7,  =  2.57  +  2.87./  =  3.854  (cos  48°  +,;  sin  48°). 
or,  ~  =  1.285  +  1.135./  =  1.927  (cos  48"^  +./8in  48^)  per  wire, 

that  means,  at  the  line  current  6^  =  10  amperes,  between  the 
ends  of  eacli  line  a  difference  of  potential  will  exist  of 

^J^  =  19.27  volts. 
2 

Let,  now,  the  imi)edance  of  the  generator  be 

/^  =  1.5  +  \i)j  =  10.11  (cos  81^  +isin  81^), 

then,  if  the  consumer's  circuit  ha,*^  an  impedance 

/^  =  25.0  +  27.8./  =  37.4  (cos  48^  +,/  sin  48°) 

(containing  for  instance,  motors,  etc.) 
then  the  total  impedance  of  the  circuit  is 

/=  /„  -f  /^  +  /,  =  29.07  +  40.(.;7./  =  5(1  (cos  54.5^  +,/  sin  54.5^^) 

In  this  ease  a  generator  ])()tential  of  K  =  500  volts  will  send 
a  current  of 

F 

(f  =  -1  —  10  amperes 

through  the  circuit. 

The  difference  of  potential  at  the  receiver  end  of  the  line 
will  be 

E\  =  C  /.    --  374  volts. 
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At  the  generator  end  of  the  line 

E^  =  C{I,-\-  li)  =  412.5  volts, 
and  the  drop  of  potential  in  the  line, 

iS; .—  ^1  =  412.54  —  374  =  38.54  volts, 

or  19.27  volts  per  line,  =  ^,  i.e.,  equal  to  the  difference  of 

potential  between  the  ends  of  the  line,  or  the  true  ohmic  drop, 
times  the  impedance  factor. 
If,  however,  the  receiving  circuit  has  an  impedance 

/2  =  442 

(incandescent  lamp  load), 

the  total  impedance  of  the  circuit  is 

/  =  48.27  +  12.87,;  =  50  (cos  15**  +y  sin  15^). 

At  the  generator  potential  of  500  volts,  10  amperes  will  flow 
through  the  circuit  again,  but  the  difference  of  potential  at  the 
receiver  end  of  the  line  is 

E^=  C  1^  =  44.2  volts. 
-At  the  generator  end, 

E^  =  C  (/,  +  Li)  =  408.0  volts, 
since 

/,  +  /a  =  40.77  +  2.87,/  =  40.80  (cos  4^  +j  sin  4<^) 

a^o  that  the  drop  of  potential  in  the  line  is  408.0  —  442  =  20.0 
•jhnie,  or  13.3  volts  per  line.  That  is  considerably  less  than  the 
t-lifference  of  potential  between  ends  of  the  line,  which  still  is 
L9.27  volts,  so  that  in  this  case  of  the  non-inductive,  or  lamp  load, 
in  spite  of  the  impedance  factor  1.5  of  the  line,  the  drop  of  po- 
tential of  the  line  is  practically  only  the  true  resistance  drop,  and 
the  inductance  of  the  line  does  not  count  at  all. 

Still  more  remarkable  are  the  conditions  if  the  receiver  circuit 
lias  an  impedance  of  a  form  similar  to 

/^  =  15  _  60,;  =  01.95  (cos  70^  — ,;  sin  70*^), 

as  is  the  case  if  the  line  is  feeding  into  a  condenser  of  the  capacity 
/iT  =  19  mf.  or  running  a  synchronous  motor  (which  under  cer- 
tain conditions  of  load  and  excitation  acts  like  a  condenser  of 
large  capacity). 

In  this  case  the  total  impedance  of  the  line  is 

/  =  19.07  —  40.22,;  =  50  (cos  07.7^  — ,;  sin  07.7°). 

Here  again  500  volts  generator  e.  m.  f.  will  establish  10  amperes 
of  current  in  the  circuit. 
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But  the  difference  of  potential  at  the  receiver  end  of  the  line  is 

E,  =  OI2  =  (U9.5  volts. 

At  the  generator  end, 

E^z=z  C  (/,  +  Li)  =  598.7  volts    . 

that  is ;  the  droj)  of  potential  in  the  line  will  be 

Fo  —  J^]  =  —  20.80  volts, 

or  —  1 0.4  volts  per  line  ; 

that  means  that,  while  a  continuous  current  will  experience  a 
loss  of  potential  of  12.85  volts  per  line  wire,  and  from  the  im- 
pedance of  the  line  a  difference  of  potential  of  19.27  volts  per 
line  wire  is  calculated,  we  find  in  this  particular  case  a  ri^e  of 
potential  of  10.4  volts  per  line  wire,  so  that  the  difference  of 
potential  is  rising  along  the  line  instead  of  decreasing^  and  that 
by  not  less  than  20.8  volts. 

In  this  case  at  an  k.  m.  f.  of  500  volts  produced  in  the  gene- 
rator, an  E.  M.  F.  of  598.7  volts  will  appear  at  the  generator  termi- 
nals, and  619.5  at  the  receiver  terminals.^ 

The  conclusion  that  we  derive  herefrom  is,  that  it  is  not  per- 
missible to  calculate  the  drop  of  i)otential  in  an  alternating  cir- 
cuit by  multiplying  the  resistance  drop  by  the  impedance  factor. 
The  difference  of  potential  between  the  ends  of  the  line  will  in- 
deed be  equal  to  the  current  times  impedance.  The  losses  of 
potential  in  the  line,  however,  will  usually  be  less  than  the  differ- 
ence of  potential  between  the  ends  of  the  line,  and  may  even  te 
nemtive;  that  is,  the  potential  may  rise  in  the  line. 

This  is  due  to  the  difference  of  }>hm:e  between  the  line  impe- 
dance and  the  impedances  of  the  other  part  of  the  circuit,  as 
explained  in  the  paper.  I  considered  it  advisable,  however,  to 
dwell  upon  this  more  particularly,  since  the  mistake  is  made 
frequently,  to  calculate  the  drop  of  potential  in  an  alternating 
current  line  from  resistance,  impedance  factor  and  current.  In 
reality  the  droj)  of  jtoUntiid  ///  //;</'  part  of  an  alternating  cir- 
cuit, dtjM'fids  )wt  Old II  upon  thr  ronntant^  of  this  part  if  the  cir- 
cuity but  npon  the  rondltlons  (f  thi  other  part^  of  the  ctrcuit 
also,  and  may,  therefore,  at  tlie  same  current  strength  vary 
enormously  with  diffen»nt  conditions  of  load. 

Now  a  few  words  more  on  a  question  of  terminology.  Peru- 
sing the  literature  of  the  hist  years  on  this  subject,  we  find  every- 
where the  endeavor  to  establish  a  suitable  name  for  quantities 
like 

2  r  ;/  L     or    -, . 

2  ;:  //  K 


1.  It  needs  not  to  be  remarked  that  if  the  generator  contains  iron,  due  to 
the  variable  permeability  of  iron  th<'  numerical  values  will,  in  practice,  be 
found  more  or  less  modified. 
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It  is  of  the  dimension  "speed"  or  "resistance,"  is  expressed 
in  ohms,  and  defined  by 

K.  M.  P.  at  right  uDgles  to  current 
current 

This  (quantity  and  the  true  or  ohmic  resistanee  are  the  eatheti 
of  a  rectangle  with  the  impedance  as  hy])()thenu8e. 

Kennelly  names  it  "  inductancAi'spe^d'^'^  (tlie  factor  2  ;r  /i  being 
an  angular  velocity). 

This  name,  however,  does  not  apply  well  to 


2  n-  n  K 


Al)out  two  years  ago  1  proposed  the  name  '^  indui'tance^'^  for 
this  quantity,  so  that  impedance  should  be  the  resultant  of  resis- 
tance and  inductance,  as  components.  Unfortunately  the  name 
"  inductance  "  has  now  been  applied  to  what  we  called  before  the 
"  coefficient  of  self -induction.  S.  P.  Thompson  in  the  new 
edition  of  his  book  has  adopted  the  name  ^^ inductance'^'*  for 
2  t:  n  L  also. 

The  name  "  indit<?tive  resi^itunce  "  has  been  used  by  Fleming 
and  others.  This  name,  however,  has  been  applied  also  as 
synonymous  with  ''  impedance^  "  Ohmic  inductance "  has  been 
proposed,  but  all  these  double  names  are  too  inconvenient  to  be 
of  much  practical  value.  Decidedly  the  best  name  would  be 
"  iTuiuctaiice^^  the  more  so  as  the  constant  L  is  so  little  used  in 
practice  that  the  ponderous  name  ''  coefficient  of  self -in  deletion  " 
will  hardly  cause  any  inconvenience. 

Ljmn*  Mass.,  April,  1898. 

[Reply  to  Mr.  Steinmktz,  communicated  by  the  Author.] 

Concerning  Mr.  Steinmetz's  remarks,  one  in  particular  is  of  such 
practical  importance  that  it  will  not  probably  suffer  i)y  emphasis 
or  repetition.  Mr.  St^inmetz  points  out  that  when  a  circuit  is 
composed  of  an  alternator,  supply  conductor,  and  load,  each 
having  its  individual  impedance,  their  vector  sum  will  generally 
be  less  than  their  arithmetical  sum.  Consecjuently  if  the  gene- 
rator delivers  1,100  volts  at  its  terminals,  and  the  drop  in  the 
supply  wires  allowing  for  the  impedance  factor  is  100  volts  (50 
on  each  conductor,  as  might  be  indicated  by  a  voltmeter  connected 
between  the  far  and  near  ends  of  one  wire),  the  voltage  at  the 
transformer  terminals  would  be  never  less,  but  usually  more  than 
1,000  volts,  particularly  if  condensers  are  in  circuit  at  the  receiv- 
ing end,  and  its  exact  value  would  de|)end  u])on  all  the  impedan- 
ces in  the  circuit.  It  is  tlierefore  essential  to  observe  that  all  the 
tabular  impedance  factors  given  in  the  pa})er  as  applying  to 
Hnusoidal  currents,  or  augmented  impedance  formulas  applying 
to  non-sinosoidal  currents,  accurately  yield  the  drop  in  the  con- 
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diictore  80  long  as  tlie  static  capacity  in  those  conductors  is  negli- 
gible. The  voltage  of  delivery  at  the  distant  end  will  always  be 
greater  than  the  difference  between  this  drop  and  the  volt^e  of 
supply  at  the  near  end,  unless  it  happens  that  the  impedances  of 
the  load  and  of  the  conductor  have  the  same  vector,  or  time  con 
stant.  But  unless  condensers  are  added  to  the  receiving  end  of 
the  line,  this  variation  of  the  actual  voltage  of  delivery  from  the 
difference  between  line  drop  and  voltage  of  supply,  is  generally 
small  at  full  load  on  practical  alternating  transformer  circuits. 
In  other  words  the  time  constant  of  the  ordinary  supply  wires 
does  not  differ  materially  from  the  apparent  time  constant  of  the 
transformers  when  loaded,  although  obviously  this  statement  can- 
not be  depended  upon  too  far.  . 


Frcquoncy  W 

Fig.  13.     (Sw  Buroetl's  Remarks,  p.  218.) 


AMERICAN    INSTITUTE    OF    ELECTRICAL 

ENGINEERS. 


ANNUAL   MEETING. 


New  York  City,  May  i6th,  1893. 

The  meeting  was  called  to  order  at  4.20  p.  m.  by  the  President, 
Mr.  Frank  J.  Spracue,  who  announced  that  the  lirst  business 
would  be  the  appointment  of  tellers  to  count  the  ballots  for 
officers. 

The  Pbesident: — I  will  appoint  Messrs.  T.  C.  Martin  and 
George  A.  Hamilton,  tellers,  and  they  will  proceed  at  once  to 
the  counting  of  the  ballots  which  are  in  the  possession  of  the 
Secretary. 

Mb.  Thomas  D.  Lockwood  :  —In  view  of  the  fact  that  the  pro- 
cedure of  election  is  a  new  one  upon  this  occasion,  and  also  that 
the  rule  governing  our  procedure  is  rather  long  and  easily  forgot- 
ten, I  suggest  that  the  Secretary  be  instructed  to  read  the  new 
rule  before  the  tellers  proceed  to  their  work,  or,  as  an  alternative, 
that  a  copy  of  the  rule  be  given  to  the  tellers  that  they  may  refer 
to  the  same  while  proceeding  with  their  work.  I  will  make  that 
as  a  motion. 

g'he  motion  was  seconded.] 
B.  Phelps: — I  hope  Mr.  Lockwood  will  be  content  with 
having  a  copy  of  the  rule  given  to  the  tellers. 

The  President  : — It  is  hardly  necessary  to  put  the  motion. 
A  copy  of  the  rule  will  be  handed  to  the  tellers. 

Mr.  James  Hamblet: — In  view  of  the  great  work  which  will 
be  required  of  the  tellers,  I  would  make  a  motion,  if  it  is  in  order, 
that  the  number  of  tellers  be  increased  to  five  in  order  to  facili- 
tate the  work. 

The  Pbesident  : — The  rule  states  that  there  shall  be  only  two 
tellers. 

The  Seobbtaby  : — I  should  say  it  would  be  perfectly  in  order 
for  those  tellers  to  have  clerks  to  assist  them. 
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Mr.  Hamblet  : — I  was  not  aware  of  that  rule.  I  merely  made 
the  suggestion  in  view  of  the  great  work  entailed. 

Thk  Secretary: — I  have  the  ballots  here  with  a  list  of  the 
membership  corrected  to  the  first  of  Ma}',  and  in  order  to  facili- 
tate this  work,  the  ballots  have  been  arranged  in  packages  which 
are  numbered  from  one  np — about  fifteen  packages  in  all.  The 
ballots  will  be  found  in  alphabetical  order  to  correspond  with  the 
list.     The  ballots  are  at  the  disposal  of  the  tellers. 

The  President  : — The  tellers  will  at  once  assume  their  duties. 

The  Secretary  : — I  would  like  to  suggest,  in  the  first  place, 
that  the  tellers  are  to  count  the  ballots  in  the  meeting  room  and 
we  shall  have  to  pass  on  the  point  whether  the  place  they  are 

?;oing  to  is  the  meeting  room  or  not.  They  have  disappeared 
rom  view. 

Mr.  Phelps  : — Let  us  call  them  back. 

The  President  : — I  appoint  Mr.  Phelps  a  committee  of  one  to 
recall  the  tellers  for  instructions. 

[Mr.  Phelps  went  after  tlie  tellers,  who  returned.] 

The  President  : — 1  take  it  that  the  front  room  might  be  used 
by  the  tellers. 

[The  tellers  proceeded  with  the  counting  of  the  ballots  in  the 
front  room.] 

The  Secretary: — I  have  the  report  of  the  Council  and  the 
Treasurer  printed. 

Mr.  Phelps  : — Are  these  reports  to  be  read  ?  Or  are  they  to 
be  considered  as  read?  It  has  been  the  invariable  custom,  on 
financial  reports  being  presented,  to  appoint  a  committee,  usually 
of  two,  to  audit  the  Treasurer's  report,  and  I  hope  that  that  pro- 
cedure will  be  taken  to-day. 

The  Secretary  read  the  following  reports : 

AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 


Report  of  Council  for  the  Year  Ending  April  30TH,  1893. 


In  compliance  with  the  requirements  of  the  Rules,  the  Council  submits  to 
the  Annual  Meeting  a  report  of  the  work  of  the  Institute  during  the  past 
year. 

Ten  meetings  of  the  Council  have  been  held  at  which  the  average  atten- 
dance has  been  8,  the  highest  number  present  at  a  meeting  having  been 
14,  and  the  lowest  5,  which  was  at  the  June  meeting  held  in  Chicago. 

At  the  meeting  held  May  17th.  1892,  upon  recommendation  of  a  Sp)ecial 
Committee,  Lord  Kelvin,  Dr.  Werner  von  Siemens,  and  Cyrus  W.  Field 
were  elected  to  honorary  membership. 

In  accordance  with  the  announcement  at  the  last  Annual  Meeting,  the  9th 
General  Meeting  of  the  Institute  was  held  at  Chicago  on  June  6th,  7th  and 
8th.  The  meeting  was  very  fully  attended,  especially  by  V/estem  mem- 
bers, while  the  Eastern  States  were  also  well  represented.  The  general 
result  was  entirely  satisfactor\\  Eight  other  meetings  have  been  held  in 
New  York  City.  At  these  various  meetings  30  papers  and  reports  were 
read  and  discussed,  and  have  since  been  printed  and  distributed  to  the 
members.  The  volume  of  the  Transactions  for  1892  contained  858  pages 
and  was  one-third  larger  than  that  of  the  previous  year. 
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In  response  to  an  inquiry  made  by  direction  of  Council,  the  authorities  in 
charge  of  the  World's  Columbian  Exposition  assigned  two  rooms  in  the 
Electricity  Building  to  be  occupied  during  the  World's  Fair  season  as  the 
headquarters  of  the  Institute.  A  special  committee  was  appointed  to  make 
arrangements  for  its  proper  equipment,  and  prepare  a  plan  for  raising  the 
necessary  funds  for  that  purpose.  Satisfactory  progress  has  been  made  and 
it  is  hoped  that  the  result  will  be  beneficial  to  the  Institute. 

In  pursuance  of  its  general  policy  toward  assisting  in  the  preparation  for 
the  World's  Electrical  Congress  of  1893,  the  General  Committee  df  the 
Institute  and  its  Sub-Committee  on  a  Provisional  Programme  have  been  ac- 
tively engaged  during  the  year,  and  their  work,  which  has  been  published 
through  the  Transactions  and  the  electrical  press,  has  elicited  much  favor- 
able comment. 

An  important  change  has  been  made  in  the  plan  of  issuing  the  Transac- 
tions, by  which  the  various  papers  and  discussions  are  now  published  at  an 
earlier  date  than  was  possible  under  the  previous  arrangement.  In  order 
to  provide  for  the  extra  expense  involved,  suitable  advertisements  are  ac- 
cepted for  publication,  and  there  is  every  reason  to  believe  that  the  plan 
will  be  found  so  satisfactory  as  to  justify  its  continuation  hereafter.  The 
revenue  from  advertisements  will  cover  more  than  the  additional  cost. 

Inquiries  having  been  made  by  many  members  regarding  the  issuance  of 
a  baage  and  certificate  of  memlJership,  the  Council  has  from  time  to  time 
considered  designs  for  official  acceptance.  Designs  have  recently  been 
approved,  and  arrangements  for  their  supply  are  now  being  carried  out. 

The  total  membership  of  the  Institute  at  the  close  of  last  year's  report 
was  as  follows  : 

Honorary  Members 3 

Members 179 

Associate  Members 433 

Tot  a 615 

Honorary  Members  elected  during  the  past  year 3 

Associate  Members  elected 98 

Restored  to  membership i 

Making  a  total  of 717 

The  following  have  resigned  daring  the  year  : 

WM.  LEE  CHURCH,  A.  F.  MASON. 

C.  J.  BRI.VER,  WM.  M.  SHEEHAN, 

WM.  C.  BENBOW,  D.  H.  BATES, 

ALDEN  M.  YOUNG,  J.  NORMAN  BULKLEY, 

ADOLPH  G.  GREENBERG. 

Total 9. 

Our  lo«  by  death  has  been  unusually  large,  the  list  being  as  follows : 

CHARLES  M.  DAVIS,  EI)W.  T.  MIDDLETON, 

CYRUS  W.  FIELD,  GEORGE  J.  SPENCER, 

DR.  WERNER  VON  SIEMENS,  DR.  NORVIN  GREEN, 
GEORGE  B.  PRESCOTT,  J«.,     J.  P.  ABERNETHY, 
D.  HERBERT  JEFFERY. 

Total 9. 

Elections  cancelled  by  reason  of  failure  to  qualify  6 

Dropped  from  list  for  non-payment  of  dues 30 

Loss  of  membership 44 

Deducting  the  lors  of  membership  as  stated  leaves  a  remainder  of  673  (a  net  gain 
of  58)  classified  as  follows : 

Honorary  Members 3 

Members ao6 

Associate  Members    4^4 

673 
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Since  the  report  of  membership  was  closed,  two  additional  deaths  have 
occurred — Grosvenor  Porter  Lowrey,  Esq.,  and  James  Bowstead  Wil- 
liams, M.D. 

SECRETARY'S  BALANCE  SHEET. 

For  the  Year  Ending  April  30TH,  i8<,3. 
Dr,  Cr. 

To  bftUnce  from  x89a $     25  .s6        By  Cash  to  Treasurer $7*55267 

Sundry  receipts 45  55 

Entrance  fees 48000 

Life  Members aoo  00 

Past  dues 845  8* 

Current  dues 5,39713 

Advance  dues 80  X7 

Electrotypes  sold 516  83 

Typewriting  and  stenograph  ' '39  58 

Transactions  sold 364  87 

Subscriptions  to  Transactions 14a  00 

Received  for  binding 3850        Sccreury's  Balance  on  hand 33  3^ 

$7,576  01  $7,576  OK 

DISBURSEMENTS  DURING  THE  YEAR. 

The  Treasurer  has  disbursed  upon  warrants  drawn  by  the  Secretary  for 
bills  approved  by  Council  and  Finance  Committee,  the  amount  of  $7,707.30. 
classified  as  follows : 

Stenography  and  typewriting $    428  90 

Stationery  and  miscellaneous  printing 42660 

Postage 36595 

Messenger  service 8a  34 

Salary  account 1,84443 

Engraving  and  electrotyping 68984 

Meeting  expenses 38630 

Rent 660  00 

Printing  Transactions ...  3,65027 

Binding X13  83 

Office  fittings so  00 

**     expenses 13894 

♦71707  30 

This  amount  should  be  credited  with  the  following  items  : 

Electrotypes  sold  $  516  83 

CoUccted  for  stenography  and  typewriting >39  58 

Received  for  bind mg 3850 

Sundry  receipts . 45  55 

$740  46  740  46 

Showing  the  net  expenses  of  the  year  to  have  been 

And  the  net  receipts  for  fees,  dues,  sales  ind  subscriptions  of  Transactions.. 

Showing  an  excess  of  net  expenses  over  net  receipts  for  the  year  of 

The  outstanding  current  bills  av;ainst  the  Institute  April  30th,  were 

Amount  of  i»ncollected  accounts  outside  of  membership 

Due  from  members , 

Balance  of  genera!  fund  in  Treasury 

Secretary's  balance  May  1st,  T893 

Judging  from  past  experience,  about  half  the  dues  in  arrears  will  be  paid 
during  the  year. 

Respectfully  submitted  by  direction  of  Council, 

RALPH  W.  POPE, 

Secretary, 


$6.96684 

6,809  99 

«56  35 

617  45 

350  06 

710  80 

90  90 

23  34 
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New  York,  May  i,  1893. 

TREASURER'S  REPORT. 
From  May  i,  1892,  to  April  30,  1893. 
EQRGE  M.  Phelps,  Treasurer,  in  account  with 

American  Institute  of  Electrical  Enginbbrs. 

Dr. 

Balance  from  previous  year $    345  53 

Received  from  Secretary,  May  i,  1893,  to  May  1,  1893 7i553  67 

$7,798  lO 

Cr, 

Payments,  from  May  i,  1893,  to  April  30,  1893,  on  warrants  from 

Secretary,  Nos.  353  to  428  inclusive $7«707  30 

Balance  to  new  account 90  90      $7,798  ao 

Balance  on  hand.  Genera]  Fund,  May  z,  1893 $     9090 


BUILDING    FUND. 

Balance  as  per  last  report,  plus  interest  at  3  per  cent,  from  July 
z,  Z891.  on  certificate  of  deposit  in  Mercantile  Trust  Com- 
pany, New  York $   85000 


Respectfully  submitted, 

GEO.  M.  PHELPS, 

Treasurer 


The  Pbesident  : — While  the  reports  are  being  distributed  I 
ill  make  this  announcement.  Dr.  Pupin,  of  Columbia  College, 
hose  paper  was  on  the  list  to  be  read  first  at  to-morrow  after- 
K>n's  session,  wishes  to  read  it  at  Columbia  College  where  he 
n  have  the  advantage,  both  for  himself  and  the  members  of  the 
rsnrcjTE,  of  conductmg  certain  experimental  work  in  illustration 

the  facts  stated  in  the  paper.  It  has  been  decided  that  per- 
ips  the  best  way  to  accommodate  both  Dr.  Pupin  and  the  Insti- 
JTE  members  generally,  is  to  change  the  order  of  the  papers  so 
at  Dr.  Pupin^  paper  will  be  the  last  read  to-morrow  afternoon. 
he  first  papers  will  be  read  and  disposed  of  and  the  iNSTiruTE 
ill  then  adjourn  to  meet  at  four  o'clock  at  the  lecture  room  at 
olnmbia  College.  The  opportunity  of  listening  to  this  lecture 
Instrated  by  the  experiments  which  will  be  conducted  by  Dr 
npin  will  more  than  offset  any  disadvantages  connected  with 
le  transfer  of  the  place  of  meeting. 

The  Secbbtaby: — The  following  Associate  Members  were 
iected  at  the  regular  meeting  of  Council  this  afternoon : 

Name.  Address.  Endorsed  by 

ARBOUR,  Fred.  Fiske      Manager,  Power  and  Mining  De-  O.  T.  Crosby 

partment,  Pacific  District,  Gen-  Louis  Hell, 

eral  Electric  Co.,  15  First  St  ,  F.  A.  C.  Perrine, 
San  Francisco,  Cal. 

arth-Bartoshevitch,  a.     Mechanical  and  Electrical  En-  Albert  Schmid. 

gineer,    Westinghouse    Electric  F.  S.  Smith, 

and   Mfg.    Co.,    160   Arch  St.,  Henry  Floy. 
St..  Allegheny  City,  Pa. 
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Nome. 

Bryant,  Waldo  C. 


Address. 

Manager  and  Treasurer, 

The  Bryant  Electric  Co., 

Bridgeport,  Conn. 

Electrical  Engineer, 

General  Electric  Co., 
24  Front  St  ,  Schenectady,  N.  Y. 

City  Electrician, 

123  Garfield  Place. 

Cincinnati,  Ohio.     F.  G.  Waterhousc. 

Christmas,  Adolph  Frederick    Manager,    Electrical   De-        Philip  A.  Lange. 

partment.  Johnson   Co.,  Johns-  Hermann  Lemp,  Jr. 


Burke,  James 


Cabot,  John  Alfred 


Endoned  by 

Wm.  J.  Hammer. 

H.  A.  Foster. 

James  Hamblet. 

A.  L.  Kohrer. 

H.  N.  Marvin, 

Arthur  Churchill. 

H.  B.  Slater. 
C.  O.  Mailloux. 


Craig,  J.  Hally 


town,  Pa. 

Cumner,  Craig  &  Co. , 

John  Hancock  Building, 

Boston,  Mass. 

da  CuNHA,  Manoel  Ignacio     Manager    of    the    Electrical 

.Section,      Empresa      Industrial 
Gram- Para,  Para,  United  States 


Ralph  W.  Pope. 

T.  C.  Martin. 

Geo.  M.  Phelps 

T.  D.  Lockwood. 

G    A.  Hamilton. 
T.  C.  Martin. 
Ralph  W.  Pope 


Doolittlb,  Thomas  B. 


Frve,  Henry  W. 


GiFFORD,  Clarence  E. 


Guy,  George  Heli 


LiEB,  Charles  A. 


of  Brazil. 

American  Bell  Telephone  Co.,       Thos.  D.  Lockwood. 
125  Milk  .St.,  Boston,  Mass.  F.  A.  Pickemell. 

F.  W.  Dunbar. 

Associate  Editor.  Carl  Hering. 

The  Eiectncal  WorU,  W.  D.  Weaver. 

Times  Building,  New  York  City.  Ix>uis  Duncan. 

Assistant  Electrical  Engineer,         Geo.  H.  Stock  bridge 

The  Buffalo  Railway  Co..  Ralph  VV.  Pope 

860  Prospect  Ave..  Buffalo.  N.  Y.        W.  A.  Anthony. 

Secretary.  The    New   York   Elec-      Frank  J.  Sprague. 
trical   Society,    131    West   34th  T.  C.  Martin. 

M.,  New  York  City.  Nikola  Tesla. 

General  Electric  Co.,  Wm.  J.  Hammer. 

44  Broad  St..  H.  A.  Foster. 

New  York  City.     H.  W^ard  Leonanl. 

Ralph  W.  Pope. 


Lorrain.  James  Grieve    Norfolk  House, 

Norfolk  St.. 
London.  W.  C,  England. 

Matthews,  Charles  P.    Instructor  in  Physics, 

Cornell  University, 
15  Hcustis  St.,  Ithaca,  N.  Y. 

Civil  and  Electrical  Engineer, 

New  York  City. 


Olan,  Theodor  J.  W. 


Peptv,  Waltkr  M 


SchV:ffi.kr.  Krep. 


SONN.  (iK()R(;K  ('. 


Wiener,  Alfred  W. 


Wrhiht,  Pkter 


\V.  M.  Petty  &  Co.,  General  Elec- 
trical  Supplies.  Rutherford.  N. 
J.  and  New  York  City. 

Agent,  Stirling  Boiler  Co., 
74  Cortlandt  St., 

New  York  City. 

Instructor  in  Physics. 

Newark  High  School, 
2?5  Bellevue  Ave.,  Newark,  N.  J. 

Electrical  and  Mechanical  Engin- 
eer, Cieneral  Electric  Co.,  24 
Yates  St.,  .Schenectady,  N,  Y. 


G.  11.  Stock  bridge. 
T.  C.  Martin. 

Ernest  Merritt. 

E.  L.  Nichols. 

Frederick  Bedell. 

James  Hamblet. 

Wm.  J.  Hammer. 

Horatio  A.  Foster. 

James  Hamblet. 

Chas.  E.  Emery. 

H.  A.  Sinclair. 

Wm.  J.  Hammer. 

T.  C.  Martin. 

Ralph  W.  Pope. 

W^m.  J.  Hammer. 

H.  A.  Foster. 

James  Hamblet. 

A.  L.  Rohrer. 

H.  N.  Marvin. 

Arthur  Churchill. 

Alex.  J.  Wurts. 


Inspector     of     Electrical     Works, 

United  Gas  Improvement  Co..  C.  J.  R.  Humphreys. 
Drexcl  Building.  Philadelphia,  E.  G.  Willyoung 
Pa. 
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Name                                                                   Address.  Endorsed  by 

Yarnall,  V.  H.                  Superintendent  of  Construction,  Wm.  T-  Hammer. 

J.  G.  White  Co..  C.  G.  Younjf. 

29  Broadway,  New  York  City.  E.  T.  Birdsall. 

Total,  22. 

The  following  Associate  Members  were  transferred  to  Member- 
ship. 


Approved  by  Board  of  Examiners,  March  15,  1893. 


Hunting,  Freu.  S.  Electrical   Engineer,  'Fort   Wayne   Electric  Co.,    Fort 

Wayne,  Ind. 

liALE,  Horace  B.  Consulting    Electrical    and    Mechanical    Engineer,   40 

California  St.,  San  Francisco.  Cal. 

Kinsman,  Frank  E.         Electrical  Engineer,  PlainBeld,  N.  J. 

Stearns,  Charles  K.      Superintendent  of  Construction,  N.  W.  Thomson* Hous- 
ton Electric  Co.,  St.  Paul,  Minn. 

Davis,  Minor  M.,  Assistant  Electrician,  Postal  Telegraph-Cable  Company, 

New  York  City. 
Rodgers,  Howard  S.      Electrical  Engineer,  Eddy  ElectricjMfg.  Co.,  Windsor, 

Conn. 

White,  Anthony  C.        Electrical    Engineer,    American    Bell    Telephone  Co., 

Boston,  Mass. 

X)UNBAR,  F.  W.  Assistant  Electrician,   American  Telephone  and   Tele- 

graph Co.,  153  Cedar  St.,  New  York  City. 

Total,  8. 

The  certificates  of  membership  which  were  authorized  have 
Tiow  been  delivered  by  the  engraver,  and  copies  may  be  had  upon 
application  to  the  Secretary.  These  are  issued  to  members  only, 
not  to  associate  members,  and  the  fee,  covering  the  price  of  en- 
graving, printing  and  engrossing  will  be  $2.00. 

The  Council  found  it  necessary  to  change  the  price  on  account 
of  the  cost  of  engrossing. 

The  Pbksidknt: — Dr    Hutchinson   and  Mr.  Delany  are  ap- 
pointed a  committee  to  pass  upon  the  accounts  of  the  Secretary 
and  Treasurer.     While  the  tellers  are  at  work,  informal  remarks 
would  perhaps  be  in  order. 

Dk.  Fkedkkic  a.  C.  Perrink: — I  have  an  informal  remark  to 
make.  The  members  may  know  that  I  am  going  out  to  teacli 
electrical  engineering  on  the  Pacific  Coast.  I  have  talked  to 
Mr.  Phelps  and  Mr.  Martin  a  little  bit  about  the  possibility  of 
starting  some  sort  of  branch  of  the  iNsrrruTE  there.  I  do  not 
know  how  many  men  we  have,  or  how  many  men  are  available, 
ill  fact  I  do  not  know  anvthing  about  the  country,  but  I  shall 
know  after  I  get  there,  and  1  was  wondering  whether  it  would  be 
in  accordance  with  the  wishes  of  the  association  to  have  an  at- 
tempt made  on  the  Pacific  Coast  to  start  a  branch  of  the  Insti- 
tute. I  would  like  to  hear  some  opinion  from  the  members 
present. 

The  Pkesident  : — Do  you  mean  a  branch  of  the  Institute  that 
will  hold  meetings  there  'i 
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Db.  Pebrink  : — Yes.  That  would  be  all  that  the  branch  would 
consist  in — some  authorized  headquartersof  the  Institute  where 
meetings  could  be  held  and  papers  read,  as  Pacific  Coast  men 
cannot  get  to  New  York  meetings. 

The  r resident: — There  is  a  social  branch  in  Chicago — ^the 
Chicago  Electric  Club,  which  ought  to  be  a  centre  for  efectrical 
men. 

Dr.  Perrine  : — My  idea  was  to  have  it  done,  if  at  all,  under 
the  auspices  of  the  Institute,  giving  it  a  little  more  authority 
than  it  would  have  as  an  electric  club. 

Mr.  Phelps  : — The  suggestion  of  Dr.  Perrine  is  an  interesting 
one.  The  Chicago  Electric  Club  and  other  similar  clubs  are  un- 
related to  this  body,  being  mainly  social  organizations.  The 
region  to  which  Dr.  Perrine  is  going  is  quite  alone.  There  is  no 
other  region  quite  like  it.  I  suppose  none  of  us  know  much 
better  than  Dr.  Perrine  how  many  persons  might  be  found  on 
the  Pacific  Coast  within  a  convenient  distance  of  San  Francisco 
sulficiently  interested  in  electrical  engineering  to  give  attention 
to  a  sub-organization  under  the  auspices  of  this  Institute.  But 
it  is  a  matter  well  worth  looking  into.  It  might  be  referred  to 
some  committee.  We  have  no  committee  which  could  properly 
deal  with  the  subject;  but  a  committee  might  be  appointed  t<» 
consider  it  during  the  summer.  I  suppose  Dr.  Perrine  will 
scarcely  begin  his  new  duties  before  the  autumn.  We  could  get 
our  ideas  in  shape  meanwhile.  A  great  deal  of  electrical  work 
is  being  done  in  that  region. 

The  President: — I  question  whether  there  is  anvthing  in  the 
rules  to  permit  of  the  establishment  of  branches  of  tne  Institute. 

Mr.  Lockwood  : — It  has  been  for  some  two  or  three  years  a  pro- 
ject of  our  worthy  Secretary  to  establish  what  he  has  called  "  chap- 
ters "  of  the  Institute  in  diiSEerent  cities.  He  had  spoken  about 
establishing  one  in  Boston,  but  I  discouraged  him,  because  I  make 
a  monthly  trip  to  New  York  out  of  it.  I  think  if  one  is  started 
in  San  Francisco  we  should  see  less  of  Dr.  Perrine.  My  experi- 
ence with  California  men  of  all  classes  shows  me  that  if  they 
think  there  is  anything  in  it  they  will  take  it  up,  but  unless  they 
can  see  the  prospect  of  immediate  profit,  they  will  not  interest 
themselves  in  it.  It  seems  to  me  it  would  be  an  excellent  plan  for 
Dr.  Perrine  to  communicate  with  the  Institute  after  he  gets  to 
California  and  let  us  know  what  the  prospect  is  for  the  establish- 
ment of  a  chapter.  I  suggest,  therefore,  that  the  matter  be  left 
to  him  for  the  present,  and  that  he  be  requested  to  communicate 
with  ihe  Secretary  on  that  matter. 

The  Secretary : — I  presume  there  are  gentlemen  here — lean 
see  at  least  one — who  will  bear  witness  that  I  have  had  this  pro- 
ject on  my  mind  the  last  two  years.  In  fact,  we  went  so  far  as 
to  have  a  committee  appointed  by  Council  to  consider  this  ques- 
tion of  holding  meetings  in  other  cities.  It  is  one  that  has  quite 
recently  been  taken  up  the  American  Society  of  Civil  Engineers, 
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for  the  reason  that  they  found  tliatin  various  cities  in  the  United 
States  civil  engineers,  and  in  some  cases  mechanical  and  electrical 
engineers,  were  forming  local  bodies,  issuing  in  some  cases  printed 
transactions  and  in  others  simply  holding  meetings,  and  a  proposi- 
tion was  made  to  reorganize  tnem  in  chapters,  under  the  auspices 
of  the  American  Society  of  Civil  Engineers,  but  in  the  case  of  the 
civil  engineers  the  movement  had  been  delayed  too  long.  It  had 
lain  dormant  until  some  of  these  local  bodies  had  attained  consid- 
erable importance,  and  for  that  reason  they  hesitated  when  it  came 
to  a  question  of  amalgamation,  as  it  appeared  to  them  to  involve 
a  sinking  of  tlieir  identity  in  the  national  society.  That  is  about 
the  status  of  the  case,  as  I  understand  it.  The  American  Institute 
of  Architects  has  chapters  in  thedifierent cities, and  the  Amebican 
Institute  of  Electrical  Engineers  with  which,  of  course,  I  am 
most  familiar,  has  held  meetings  in  other  cities,  although  it  is  con- 
sidered sometimes,  or  has  been  considered,  a  kind  of  a  New  York 
institution.  There  is,  however,  barely  a  quarter  of  our  member- 
ship in  New  York  and  vicinity.  Our  membership  extends  all 
over  the  United  States,  and  in  a  certain  sense  all  over  the  world. 
But  as  a  matter  of  convenience  the  meetings  have  been  held  in 
this  city,  because  it  is  always  possible  to  get  together  here  a  suf- 
ficient number  of  members  actively  interested  to  make  good  meet- 
ings. That  was  one  of  the  difficulties  encountered  in  the  early 
stages  of  the  Institute — getting  enough  people  to  make  a  good 
meeting  and  bringing  forth  discussion ;  and  if  we  undertake  to 
establish  chapters  or  branches  in  other  cities,  of  course  it  is  neces- 
sary to  avoid  doing  anything  which  would  possibly  prove  a  fail- 
ure. That  is,  we  must  not  make  the  attempt  in  cities  which  are 
too  small  to  give  the  necessary  membership.  When  this  question 
was  discussed  in  Council,  one  of  the  stumbling  blocks  was  in  re- 
gard to  the  publication  of  the  papers — what  papers  should  be 
printed,  and  if  they  were  printed  in  the  series  of  transactions 
should  the  iNSTrruTE  at  large  bear  the  expense,  or  should  the  local 
members  assume  it?  It  was  felt  that  perhaps  the  Transactions 
might  become  too  voluminous,  and  that  it  would  be  too  much  of  a 
financial  burden  for  the  Institute  to  carry,  as  it  is  well  known  that 
the  largest  item  of  expense  in  running  the  Institute  to-day  is  the 
publications  of  the  Transactions,  and  if  that  was  increased  fifty 
per  cent.,  unless  we  had  a  corresponding  increase  of  membership, 
it  would  lead  to  a  deficit.  This  might  be  covered  to  a  certain  de- 
gree by  the  income  from  advertisements.  But  what  I  rose  to  say 
was,  that  this  is  a  question  that  will  confront  us  sooner  or  later. 
It  appears  to  me  tnat  it  should  be  taken  up  before  the  state  of 
affairs  existing  in  the  civil  engineers  is  reached ;  that  is,  before 
the  local  societies  attain  snch  strength  that  they  would  refuse  to 
affiliate  with  us  on  account  of  losmg  their  identity.  Further, 
I  wish  to  add,  that  in  a  great  many  of  these  local  societies  valua- 
ble papers  have  been  read  and  discussed,  but  they  have  not  had 
the  means  to  publish  them  or  report  their  discussion,  and  conse- 
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quently  whatever  has  been  done  has  been  practicallv  lost.  All 
who  have  been  benefited  by  it  have  been  those  who  nappened  to 
be  present  at  the  meetings,  and  tliat  is  one  reason  why  1  believe 
many  of  these  societies  would  be  willing  to  assume  closer  relations 
to  the  American  Institute  of  Electrical  Engineers.  It  is  not 
quite  true  that  this  is  the  only  society,  because  we  have  on  the  Pa- 
cific Coast  the  California  Electrical  Society,  we  have  the  Buffalo 
Electrical  Society,  we  have  the  New  York  Electrical  Society.  We 
have  the  National  Electric  Light  Association,  which  from  a  purely 
electric  light  association  has  developed  into  a  tramway  associa- 
tion and  an  electric  power  association,  and  deals  with  almost 
every  branch  of  electrical  work,  excepting  perhaps  telegraphy 
and  telephony. 

Mr.  Phelps  : — It  seems  to  me  that  the  suggestion  of  my  friend, 
Mr.  Lockwood,  indicates  about  the  probable  disposition  of  this 
matter  and  I  am  very  glad  that  the  Secretary  has  told  ns  so  fully 
what  the  situation  is.  VTe  have  but  one  more  Council  meeting 
this  summer,  and  if  Dr.  Perrine  will  look  over  the  field  on  the 
Pacific  Coast  during  the  ensuing  few  months  and  write  the  Sec- 
retary, I  think  that  when  meetings  are  resumed  we  shall  be  able 
to  deal  with  the  subject  not  only  on  the  Pacific  Coast  but  else- 
where. 

Prof.  Houston  : — I  think  that  Dr.  Perrine's  suggestion  is  one 
which  the  Institute  should  consider  very  carefully  before  we 
take  any  decided  steps  in  the  matter.  It  is  a  case  in  which  it 
would  be  well  to  make  haste  slowly.  What  shall  be  the  status  of 
the  members  of  these  chapters  in  the  event  of  the  American  Ins- 
titute of  Electrical  Engineers  considering  it  advisable  to  estab 
lishthem?  Shall  they  be  associate  members  or  full  members  ? 
Does  the  Institute  feel  that  it  is  advisable  to  scatter  its  influence 
rather  than  to  concentrate  it?  Is  it  not  true  that  the  gi*eat  value  of 
the  meetings  of  the  American  Institute  of  Electrical  Engineers 
is  their  cosmopolitan  character  i  As  soon  as  they  become  mere 
local  meetings  then  it  seems  to  me  they  would  be  shorn  of  much 
of  their  real  value,  which  consists  in  bringing  gentlemen  inter- 
ested in  our  particular  line  of  research  from  all  over  the  country 
to  one  central  place.  I  tliink  that  the  proposition  ought  to  be 
considered  very  carefully. 

Mk.  Fkankland  Jannus  : — It  seems  to  me,  Mr.  President,  that 
we  have  adopted  a  title  that  is  far  more  impressive  than  any  other 
— the  Amkrican  Institute  of  Elpxtrical  Engineers.  It  sounds 
very  different  from  the  New  York  Electrical  Society  or  the  San 
Franci8co  Electrical  Society.  Such  a  name  might  indicate  a  social 
club  with  a  co-operative  bar-room,  or  something  of  the  sort.  This 
is  an  institute  of  electrical  engineers.  Now  we  have  gone  so  far 
as  to  maintain  a  solemn  title  of  that  sort  for  all  these  years,  and  I 
do  not  see  why  we  should  not  go  farther  and  insist  that  that  is 
the  representative  title  of  all  electrical  bodies  in  the  United 
States. 
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Dr.  Edward  L.  Nichoi^  : — It  seems  to  me  that  there  are  two 
ways  in  which  tliis  extension  could  be  brought  about,  one  of 
which  would  be  admirable ;  the  other  very  doubtful.  If  it  was 
prop«»sed  to  delegate  to  parties  on  the  Pacific  Coast  or  elsewhere 
the  riglit  to  elect  members,  associate  or  otherwise,  I  should  regard 
that  as  a  doubtful  policy.  The  Institute  has  members,  and 
doubtless  will  have  more  member?,  on  the  Pacific  Coast.  Those 
men,  as  I  understand  it,  are  capable  now,  under  the  present  con- 
stitution, of  recommending  new  members  who  could  be  elected 
by  the  Council  here.  Now,  when  that  membership  gets  to  be 
suflBcient  on  the  Pacific  Coast  so  that  there  is  an  interested  body 
of  men,  why  cannot  they  hold  meetings  ?  I  do  not  know  of  any- 
thing in  tlie  constitution  of  this  society  to  prevent  their  meet- 
ing and  producing  as  much  good  material  as  they  can.  Then  the 
question  of  ofiiciaT  recognition  and  affiliation  will  naturally  come. 
It  seems  to  me  the  conservative  plan  is  to  see  what  increase  of 
membership  through  the  present  channels  can  be  reached  in  Cal- 
ifornia, and  then  when  there  is  enough  of  such  an  element  to 
constitute  a  body  which  would  naturally  hold  meetings,  which 
has  life  enough  to  keep  itself  together,  the  question  of  affiilia- 
tion  to  the  main  body  might  well  be  brought  up  and  some  plan 
adopted. 

The  PREsroENT: — I  doubt  the  wisdom  of  assigning  an  identity 
to  a  body  of  men  who  as  members  are  already  affiliated  with  the 
Insiffute.  If  they  have  as  much  pride  as  they  should  have  in 
the  Institute  they  will  get  together  and  brins:  together  other 
members.  I  agree  certainly  with  Professor  Houston  that  we 
want  to  make  haste  very  slowly  in  a  question  of  doing  anything 
which  tends  to  create  a  separate  organization  or  separate  interests 
in  any  part  of  the  United  States.  I  understand  that  Dr.  Perrine 
is  goin^  to  San  Francisco.  While  he  is  there  he  will  get  in  touch 
with  the  electrical  people.  He  will  be  in  a  position  to  know 
what  are  the  indications,  whether  there  is  any  likelihood  of  an 
independent  electrical  organization  existing  on  the  Pacific  Slope 
and  if  members  of  this  Institute  who  are  resident  on  the  Pacific 
Coast  will  become  members  of  it  and  separate  themselves  from 
the  Institute.  In  that  event  a  warning  note  should  be  sounded 
which  will  give  this  Institute  an  opportunity  to  investigate  the 
matter  and  determine  what  policy  to  adopt.  I  doubt  the  power 
of  this  Institute  to  give  anybody  authority  to  establish  a  branch. 
We  have  no  such  division  of  our  organization  authorized,  and  I 
do  not  see  that  anybody  could  at  present  do  more  than  simply 

!rc  t  the  opinions  of  other  people  as  to  whether  it  is  advisable  to 
lave  local  meetings  of  tlie  LvsTiTrTE  in  any  particular  locality. 

Mr.  Phelps: — I  suppose  it  would  be  premature  altogether  at 
this  time  to  consider  just  what  sort  of  organization  such  a  body 
on  the  Pacific  Coast  might  liave.  I  have  assumed,  in  anything  I 
have  said,  that  what  was  meant  was  that  persons  interested  in 
electrical  engineering,  eligible  to  membership  in  this  Institute 
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and  residing  on  the  Pacific  Coast,  having  joined  this  Institute, 
becoming  either  associate  members  or  members,  might  hold  local 
meetings.  I  have  not  for  a  moment  thought  that  it  was  con- 
templated that  a  distinct  and  different  organization  might  be 
affiliated  with  this  body. 

Dr.  Perrink: — The  idea  that  I  threw  out  has  grown  very 
much  in  this  discussion.  1  had  no  idea  that  an  association  on  the 
Pacific  Coast  would  be  allowed  to  elect  members — simply  that 
those  members  of  the  Institute  at  present,  and  members  of  the 
Institute  elected  hereafter,  who  reside  on  the  Pacific  Coast  should 
be  allowed  to  select  a  chairman  and  hold  meetings  under  the  aus- 
pices of  the  association.  It  would  amount  to  nothing  more  than 
their  coming  together  of  their  own  accord,  but  there  would  be  a 
little  more  encouragement  to  them,  and  they  would  feel  more  in 
touch  with  the  general  body  if  they  knew  that  their  meetings 
were  under  the  auspices  of  the  association.  As  regards  printing 
their  papers,  I  think  that  should  be  a  burden  upon  themselves 
entirely,  except  so  far  as  their  papers  which  would  come  here 
would  be  considered  worthy  to  be  incorporated  into  the  trans- 
actions of  the  Institute,  and  that  would  only  be  done  where 
fapers  were  sent  on  from  San  Francisco  to  be  judged  by  the 
fiSTiTUTE  whether  they  would  print  them  or  not. 

The  SECRi-rrARY: — I  might  add  for  the  information  of  the 
meeting  that  we  have  elected,  I  think,  from  California  about  a 
dozen  members  this  last  year,  several  of  those  being  in  San  Fran- 
cisco. There  are  also  others  on  the  Pacific  Coast.  The  idea  that 
has  been  broached  in  regard  to  holding  meetings  elsewhere  has 
always  been,  that  members  have  authority  to  hold  meetings,  and 
there  is  nothing  to  prevent  their  assembling.  If  this  idea  was 
carried  out  according  to  the  plans  which  have  been  considered,  a 
local  secretary  would  be  appointed,  as  we  have  local  secretaries 
now,  who  would  look  after  the  details,  and  of  course  the  meeting 
could  appoint  its  chairman,  and  under  the  old  system  of  elec- 
tions, they  might  have  secured  a  Vice-President  or  Manager  in 
the  Council  who  would  preside.  But  under  the  new  system  this 
might  not  be  possible,  unless  the  Council  should  assume  that  that 
was  the  proper  thing  to  do.  If  the  Council  should  assume  that 
out  of  the  nominations  it  was  proper  to  have  one  representative 
Manager  or  Vice-President  in  California — if  such  a  man  was 
named  in  the  nominations  I  presume  he  might  be  selected  as  a 
*•  Council  Nominee,"  and  in  that  way,  a  regular  representative 
might  be  elected  to  Council. 

The  President  : — It  is  common  with  some  societies  to  have  cor- 
responding secretaries  in  different  parts  of  the  country.  The 
United  States  Naval  Institute  has  such  in  different  parte  of  the 
country.  The  new  Institute  of  Naval  Architecte  has  no  separate 
branches. 

Dr.  Chas.  E.  Emery  : — As  a  member  of  the  Am.  Soc.  of  Civil 
Engineers,  I  was  at  the  time  fairly  familiar  with  the  difiiculties 
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met  by  that  society  in  the  consideration  of  the  subject  of  affilia- 
tion with  local  societies.  My  recollection  is  that  the  most  im- 
portant difficulties  were  those  outlined  by  Prof.  Houston.  In 
that  case  the  local  organizations  were  already  formed  and  had 
attained  considerable  strength.  In  a  number  of  the  Western 
cities  they  held  regular  meetings  under  the  control  of  officers 
selected  by  themselves,  and  a  number  of  the  same  were  so  asso- 
ciated that  they  published  their  papers  jointly  under  the  title  of 
the  "  Journal  of  the  Association  oi  Engineering  Societies,"  and 
it  frequently  contained  very  good  papers.  When  the  subject  of 
consolidation  or  affiliation  oi  some  kind  was  urged  by  a  large 
number  of  members  of  the  Civil  Engineers,  questions  immediately 
arose  of  the  kind  suggested  by  Prof.  Houston  as  to  the  qualifica- 
tions of  the  members  of  the  local  societies,  and  how  the  standard 
of  the  American  Society  of  Civil  Engineers  in  regard  to  mem- 
bership could  be  maintained  in  a  way  satisfactory  to  such  local 
societies.  I  will  say,  to  illustrate  the  difficulties,  that  I  heard  re- 
marks in  this  connection  somewhat  as  follows :  "  I  know  So- 
and-So  ;  he  is  not  fit  to  be  a  member  of  the  Civil  Engineers;  he 
was  only  a  rodraan,  but  had  an  eye  to  business,  bought  Western 
land  in  the  right  place,  and  having  become  well-off  wishes  to  put 
M.  Am.  Soc.  C.  E.  after  his  name."  Such  pointed,  illustrations 
did  not  come  out  in  the  meetings  that  I  recollect,  but  there  were 
references  in  the  discussions  sufficiently  pointed  so  that  all  un- 
derstood the  nature  of  the  difficulty.  Tlie  membership  of  the 
local  societies  had  already  become  established.  In  ordel*  to  gain 
strength,  all  classes  of  engineers  had  in  some  cases  affiliated 
together,  civil,  mechanical  and  electrical,  including  in  gome  cases 
practical  workingmen  of  intelligence,  and,  doubtless,  in  some 
instances,  persons  entirely  engaged  in  trade,  who  made  a  specialty 
of  furnishing  supplies  to  engineers  of  various  kinds.  Many 
reputable  persons,  tlierefore,  in  good  and  regular  standing  in  the 
local  societies  would  not  even  be  qualified  as  associates  of  the 
Civil  Engineers,  yet  such  societies  were  doing  good  work  in  their 
own  way  in  the  particular  locations.  It  was  suggested  that  the 
organization  could  be  turned  over  to  the  Civil  Engineers  and 
chapters  or  local  societies  formed,  which,  as  local  societies,  would 
have  a  membership  independent  of  that  of  the  Civil  Engineers, 
but  the  members  of  the  American  Society  felt  that  the  others 
would  in  sotne  way  be  entitled  to  use  the  name.  Various  plans 
were  proposed.  The  subject  was  discussed  in  the  engineering 
periodicals,  and  was  finally  made  an  issue  in  the  election  of  officers. 
As  a  result,  the  conservative  element  which  opposed  affiliation 
prevailed  at  the  election,  and  the  subject  has  onl}^  been  referred 
to  incidentally  since.  I  may  add  that  it  was  urged  that  the 
American  Society  of  Civil  Engineers,  being  the  oldest  engineer- 
ing society,  should  be  at  the  head,  and  that  it  should  concentrate 
rather  than  disintegrate,  and  the  history  and  practice  of  the 
British  Institution  of  Civil  Engineers  was  urged  as  a  precedent 
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— every  engineer  prominent  in  an}'  branch  of  engineering  in 
Great  i3ritain  must  be  a  member  of  tlie  Inst.C.  E.,  and  tliis  great 
society  holds  meetings  only  in  London.  As  that  city  can,  how- 
ever, be  reached  in  a  day  from  the  principal  parts  of  England 
and  Irdand,  the  conditions  are  entirely  dinerent  from  what  tliey 
are  in  this  country,  except  in  respect  to  members  of  the  Institu- 
tion residing  in  Canada  and  other  British  colonies.  Here  we  have 
a  great  country  with  cities  scattered  through  it,  separated  altogether 
too  far  to  make  it  possible  for  any  large  proportion  of  the  mem- 
bers to  attend  meetings  regularly  in  New  York.  The  local 
societies  seem,  therefore,  to  be  a  necessity.  I  have  always  thought 
there  is  some  common  ground  upon  which  a  parent  society  could 
affiiliate  with  local  societies,  and  am  happy  to  hear  that  the  Amer- 
ican Institut«j  of  Architects  has  been  able  to  establish  chapters 
which  operate  satisfactorily.  It  seems  to  me  that  the  Am.  Inot. 
OF  Electrical  ENcaxKEKs  can  do  something  of  the  kind  without 
all  the  emb.irrassinent  experienced  by  the  Civil  Engineers.  They 
can  at  least  insist  that  the  sub-organizations  be  conducted  en- 
tirely by  members  of  the  Inotitute,  that  all  questions  of  member- 
ship be  settled  at  the  general  meetings,  and  this  will  leave  only 
the  collateral  but  important  questions  as  to  what  steps  it  is  best 
to  take  in  particular  cases  to  permit  others  engaged  in  kindred 
pursuits  to  take  part  in  the  proceedings  of  the  local  organiza 
tions,  and  add  that  strength  which  is  absolutely  necessary  to  secure 
success.  I  think  I  have  said  enough  to  show  the  nature  of  the 
difficulties,  and  although  I  believe  fliey  are  not  insuperable  I  am 
not  at  the  moment  prepared  to  suggest  any  definite  coui'se  of 
action.  I  trust  that  all  the  members  will  give  the  subject  care- 
ful attention,  and  believe  that  in  due  time  a  satisfactory  solution 
will  be  reached. 

The  Secretary  : — I  believe  the  solution  of  this  problem  will 
come  when  the  society  gains  such  financial  strength  that  it 
can  undertake  to  print  such  transactions  of  the  meetings  in  other 
towns  and  cities  as  will  be  acceptable  to  the  Instiiute.  It  ap- 
pears to  me  that  if  this  is  done,  all  the  members  in  these  cities 
will  see  that  there  is  not  only  an  opportunity  for  them  to  hold 
their  meetings,  but  also  to  have  their  proceedings  placed  on 
record,  and  bring  them  into  one  set  of  transactions  which  would 
add  just  so  much  to  their  value,  as  there  is  talent  in  these  vari- 
ous cities,  and  it  is  simply  a  question  of  there  being  a  sufiScient 
number  of  members  of  the  Institute  in  any  district  to  get  together 
and  make  what  we  may  call  a  respectable  uieeting  and  discussion. 
I  might  add  to  the  other  cities  that  I  have  mentioned,  Schenec- 
tady and  Lynn,  where  societies  have  grown  up.  There  is  the 
Thomson  Scientific  Society  in  Lynn  and  the  Schenectady  Techni- 
cal Association.  Both  these  societies  have  meetings,  and  I  pre- 
Miine  they  are  of  a  character  similar  to  those  wiiich  we  hold. 
F^irther,  there  is  as  yet  no  tendency,  as  the  President  has  sug- 
gested, on  the  part  of   the  meinbert?  of  these  local  societies  to 
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sever  their  connection  witli  the  iNHTrn-TE,  but  the  tendency  is 
rather  for  members  of  such  local  societies  to  affiliate  with  the  In- 
stitute. George  P.  Low,  President  of  the  California  Electrical 
Society,  became  a  member  of  the  Institute  a  short  time  ago.  Mr. 
Guy,  Secretary  of  the  New  York  Electrical  Society,  was  elected 
an  associate  member  of  the  Institute  at  to-day^s  Council  meeting, 
and  two  members  of  the  Schenectady  Association  have  jointed 
within  a  month  or  two. 

The  President: — This  question  has  not,  to  my  knowledge, 
come  up  in  the  city  of  New  York  between  ourselves  and  the 
New  York  Electrical  Soc'ety.  It  seems  to  me  that  the  most  ef- 
fective work  that  can  be  done  by  the  Institute  towards  any  con- 
solidation of  electrical  interests  is  for  every  member  to  get  as 
many  available  and  suitable  members  into  the  Institute  as  pos- 
sible, and  thereby  strengthen  it  both  in  numbers  and  from  a 
financial  standpoint. 

Mr.  Phelps  : — I  think  our  friend  Dr.  Perrine  has  heard  suffi- 
cient from  the  members  to  satisfy  him  of  the  sort  of  welcome 
that  will  be  extended  by  this  body  to  any  organization  that  he 
may  choose  to  recommend  in  California ;  and,  without  any  formal 
action  on  the  part  of  this  meeting,  I  hope  he  will  be  pleased  to 
feel  that  he  is  requested  to  look  over  the  ground  and  write  freely 
to  the  Secretary  as  to  the  condition  of  electrical  affairs  and  the 
number  of  persons  he  may  meet  there  who  would  be  likely  to 
become  members  of  such  a  sub-organization  as  he  contemplates. 

The  President  : — I  think  I  can  say  on  behalf  of  the  Institute, 
that  we  should  be  only  too  glad  if  Dr.  Perrine  would  bring  to 
the  attention  of  the  electrical  engineers  of  the  Pacific  Coast,  the 
American  Institute  of  Electrical  Engineers,  and  also  to  keep 
the  Institute  and  its  officers  posted  as  to  anything  likely  to  affect 
its  welfare. 

Dr.  Perrine: — I  am  very  much  obliged  to  the  President  and 
members  for  discussing  this  question  as  they  have.  The  discus- 
sion is  practically  all  that  I  wanted.  I  wanted  to  know  how  the 
members  felt.  With  Mr.  Phelps,  I  now  feel  that  a  welcome 
would  be  accorded  to  any  association  that  may  be  established 
among  the  members  of  the  Institute  out  there.  When  I  reach  there, 
I  will  write  the  Secretary  what  I  have  done,  whom  I  have  met 
and  how  they  feel  on  the  subject,  and  then  he  can  tell  better 
whether  it  would  be  necessary  for  any  formal  action  to  be  taken 
on  the  part  of  the  association.  I  do  not  think  any  such  action 
is  necessary  at  the  present  time. 

The  President  :— Is  the  Auditing  Committee  ready  to  reports 

Dr.  Hutchinson  :— We  have  to  report  that  we  have  exammed 
the  accounts  and  have  found  them  correct. 

Dr.  Emery  : — I  move  that  the  report  be  accepted. 

[The  motion  was  carried.] 

Mr.  Lockwgod  : — 1  move  now  that  the  report  of  the  (  ouiicil 

and  Treasurer  be  accepted  and  adopted. 
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The  President  : — I  would  add  that  the  thanks  of  the  Ikbtttute 
be  extended  to  them. 

Dr.  Emery  : — I  second  that. 

[The  motion  was  carried.] 

Prof.  Houston  : — Will  a  sufficient  number  of  the  members  of 
the  Institute  be  present  at  the  dinner  to  constitute  a  quorum? 

The  President  : — I  believe  a  majority  of  whoever  is  present 
constitutes  a  quorum.  There  will  not  be  a  majority  of  the  mem- 
bers of  the  Institute  present  at  6.45. 

[The  tellers  not  having  finished  the  counting  of  the  ballots  a 
recess  was  taken  until  6.45  p.  m.] 

The  meeting  was  again  called  to  order  at  6.45  p.  m. 

The  President  :— The  tellers  will  please  announce  the  result 
of  the  election. 

Mr.  T.  C.  Martin: — Mr.  President  and  gentlemen,  it  is  utterly 
impossible  to  canvass  the  whole  of  the  ballot  in  all  its  details. 
The  members  have  shown  their  objection  to  a  straight  ballot  any- 
how, and  have  illustrated  how  great  the  vagaries  of  the  intelli- 
gent voter  can  be.  Casting  aside  all  irregularities  and  doubtful 
votes  the  net  return  is  as  follows : 

For  President,  Prof.  E.  J.  Houston,  235 ;  Mr.  T.  D.  Lockwood^ 
146.     The  rest  of  the  ticket  is  of  course  elected  overwhelmingly. 

The  nominations  for  Vice-Presidents  and  for  Managers  and  for 
Treasurer  were  the  same  on  all  the  ballots  that  were  sent  in,  with 
a  few  variations. 

H.  Ward  Leonard,  P.  B.  Delany  and  William  Wallace  have 
been  elected  Vice-Presidents.  Harris  J.  Ryan,  Charles  Hewitt, 
W.  J.  Hammer  and  J.  J.  Carty  have  been  elected  Managei*s,  and 
George  M.  Phelps  has  been  elected  Treasurer. 

There  is  a  possibility  that  the  pluralities  of  one  or  two  of  those 
may  be  changed  by  the  application  of  the  principle  of  the  cumn- 
1  itive  vote,  which  has  been  very  freely  applied.  But  the  propor- 
tion to  overcome  is  so  overwhelming  that  the  general  result  can 
not  be  changed. 

The  President: — Gentlemen,  you  have  heard  the  result  of 
the  balloting. 

Mr.  LocKwooi) : — I  move  that  the  election  of  Prof.  E.  J.  Hous- 
ton to  the  Presidency  of  this  Institute  be  made  unanimous  so  far 
as  that  can  be  done  by  such  proportion  of  the  members  as  are 
present. 

The  motion  was  carried. 

Mr.  Sprague: — I  appoint  Mr.  Delany  and  Mr.  Hammer  a 
Committee  to  escort  the  President  to  the  Chair. 

President  Houston  on  taking  the  Chair  said  :  Gentlemen  of  the 
American  Institute  of  Elkctrical  Engineers.  I  can  only  thank 
you  for  the  very  great  honor  you  have  conferred  on  me.  I  recog- 
nize it  as  an  exceedingly  high  honor  to  be  called  to  preside  over 
what  I  know  to  be  the  representative  electrical  engineering  society 
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in  the  country,  if  not  in  the  world.  While  I  am  your  presiding 
officer  I  shall  endeavor  to  make  my  rulings  such  as  will  conduce 
ti>  the  welfare  of  the  Institute  of  Electrical  Engineers.  [Ap- 
plause.] 

The  regular  business  having  been  fully  carried  out,  a  motion 
to  adjourn  is  in  order. 

[A  motion  was  here  made  to  give  a  vote  of  thanks  to  the  retir- 
ing President.] 

I  beg  pardon,  it  is  but  proper  to  permit  the  gentleman  who  has 
EO  ably  represented  the  electrical  engineers  in  the  past  make  some 
remarks. 

Mr.  Spraoue  : — Gentlemen  : — There  is  little  that  I  can  say  be- 
yond extending  my  personal  welcome  and  the  welcome  of  every 
individual  member  of  the  Institute  to  our  new  presiding  officer. 
He  needs  no  introduction  from  me ;  his  name  is  too  well  known, 
his  personality  is  too  familiar  to  you  all.  As  an  inventor,  as  a 
teacher,  as  an  author,  as  a  compiler,  as  a  scientist,  in  fact  in  all 
respects,  I  think  we  have  embodied  in  our  new  President  a  man 
of  whom  we  can  be  most  proud. 

As  far  as  I  personallv  am  concerned,  I  have  to  thank  the  mem- 
bers of  the  Institute  tor  the  courtesy  they  have  always  shown 
me,  and  express  my  belief  that  there  will  be  an  even  more  active 
and  healthy  growth  of  the  Institute  in  the  future  than  in  the 
past.  I  must  express  regret  at  my  own  shortcomings,  and  the 
lack  of  attention  I  have  been  guilty  of  during  my  tenure  of  office, 
but  I  Io>k  forward  to  the  future  of  the  Institute  with  more  in- 
terest than  when  I  took  the  office,  with  perhaps  more  ambition  to 
be  of  aid  to  it.  I  think  the  Columbian  Exposition  in  Chicago, 
with  all  the  evidences  of  what  electrical  engineers  have  per- 
formed in  this  country  and  what  they  promise  to  perform,  will 
do  much  to  accomplish  that  which  we  all  desire — the  building  up 
of  what  we  hope  will  be  the  greatest  engineering  society  in  this 
country.  In  leaving  the  office  to  the  newly  elected  President,  I 
le-ave  it  in  the  hands  of  one  who  will  do  very  much  in  making 
the  advance  towards  that  goal. 


[Applause.] 


^B,  LocKwooD : — There  is  still  one  more  item  of  business,  it 
seems  to  me,  before  we  adjourn.  I  think  it  would  be  unbecom- 
ing in  the  highest  degree  if  we  should  part  with  our  late  Presi- 
dent and  relegate  him  to  the  honorable  but  rather  effete  chair  of 
the  Past  Presidents,  were  we  to  fail  to  take  some  notice  of  the 
manner  in  which  he  has  presided  over  our  deliberations  in  the 
p  ist  year.  His  inaugural  speech,  which  some  of  us  had  the  priv- 
ilege of  hearing  in  Chicai^o,  has  to  a  certain  extent  set  the  pace 
for  the  papers  tnat  have  been  read  before  the  Institute  and  dis- 
cussed from  time  to  time,  and  those  who  have  had  the  opportunity 
of  being  associated  with  him  in  Council  will  gladly  bear  witness 
to  the  zeal  and  strength  with  which  he  has  presided  at  our  nieet- 
ings,     I  for  one  have  been   very  favorably  impressed  with  him, 


250  ANNUAL  MEBTINQ.  [May  16, 

and  shall  miss  those  monthly  meetings  of  the  Council  very  much 
indeed.  I  will  not  further  take  the  time  of  the  Institute  but  will 
content  myself,  Mr.  Chairman,  by  moving  that  this  Institute  offer 
a  rising  vote  of  thanks  to  our  Past  President  for  his  able  services 
in  the  past  year. 

The  motion  was  seconded  by  Mr.  Phelps  and  carried  unani- 
mously. 

Mr.  Spraoub  : — I  wish  to  extend  my  ])ersonal  tlianks  to  Mr. 
Lockwood,  who  has  really  done  so  much  more  than  the  President 
has,  in  actively  carrying  on  the  administration  of  the  society  and 
I  reallv  feel  almost  personally  embarrassed  by  the  very  cordial 
compliment  he  has  paid  me.  I  do  not  feel  that  I  merit  it.  But 
since  the  society  has  so  affirmed  it,  I  thank  the  members  as  heart- 
ily as  if  I  did. 

[The  meeting  then  adjourned,  and  the  members  reassembled 
at  "The  Arena,"  No.  41  West  31st  Street,  and  participated  in 
the  Annual  Dinner  of  the  Institute.] 


GENERAL  MEETING. 


New  York  City,  May  17th,  1893. 

President  Houston  called  the  meeting  to  order  at  10  A.  M. 

The  President  :— I  take  great  pleasure  in  introducing  to  you 
a  new  member,  Mr.  Charles  P.  Matthews,  of  Cornell  University, 
who  will  read  a  paper  on  "  Fuse  Metals  in  Direct  and  Alternat- 
ing Current  Circuits." 

Mr.  Matthews  read  the  following  paper : 


A  pa^tr  prexemted  at  the  Tenth  General  Meeting 
0/  the  American  Institute  0/  Electrical  En- 
gineers^ Nrm  Vertt  May  //,  tScfS^    President 
Houston  in  the  Chair. 


THE  ACTION  OF  CONTINUOUS  AND  ALTERNATING 

CURRENTS  ON  FUSE  METALS.^ 


BY  C.  P.  MATTHEWS. 


For  the  protection  of  electric  circuits  from  the  passage  and 
consequent  heating  effects  of  currents  of  abnormal  intensities, 
no  device  is  in  more  general  use  than  the  go-called  safety-fuse. 
Commercially  the  fuse  appears  in  a  variety  of  connecting  devices 
and  inclosing  boxes,  classed  as  thermal  "  cut-outs,"  and  familiar 
to  all  having  to  deal  with  the  distribution  of  electric  energy. 
The  protective  element  in  all  such,  consists  of  a  wire  or  strip  of 
some  easily  fusible  metal  of  such  current  carrying  capacity  that 
it  will  melt  under  the  heat  developed  by  an  excessive  current. 
In  points  of  simplicity,  cheapness,  ease  of  adjustment  and  low 
resistance,  the  safety-fuse  possesses  advantages  over  most,  if  not 
all,  electro  magnetic  safety  devices.  Experience  sliows,  however, 
that  unless  certain  conditions  for  successful  working  are  care 
fully  observed,  the  safety-fuse  may  fall  far  short  of  furnishing 
satisfactory  and  reliable  protection. 

With  a  view  of  studying  these  conditions,  and  of  obtaining  at 
the  same  time  reliable  data  on  the  fusion  of  conductors  under 
circumstances  closely  approximating  those  of  actual  practice,  a 
series  of  experiments,  some  of  the  results  of  which  appear  in  this 
paper,  were  recently  made  in  the  Physical  Laboratories  at  Cor- 
nell University. 

This  experimental  work,  which  was  undertaken  by  several 
persons,  may  with  propriety  be  divided  as  follows : 

1.  An  nbstrart  of  two  thews,  viz  :  *' Safety-fuses  for  Klectric  ^'Circuits," 
by  J.  8.  Peck  aod  0.  P.  Matthews  ;  and  '*  The  Action  of  Alternating  Currents 
on  Fuses/'  by  W.  8.  Rugg  and  C.  K.  Sturdevant. 
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Part  I.  On  the  behavior  of  various  alloys  under  the  action 
of  direct  currents,  with  special  reference  to  their  use  in  thermal 
cut-outs. 

Part  II.  On  the  disintegrating  effect  of  the  alternate  current 
on  fuse  metals. 

Part  I. 

The  first  experimental  work  of  any  extent  on  the  electric 
fusion  of  wires  was  performed  by  W.  H.  Preece,  F.  R,  5.,  in 
1884.*  He  showed  that  the  relation  between  diameter  and  fusing 
current  is  parabolic,^  being 

C  =  ad^^ 

where  a\^  b.  constant  for  any  given  metal  or  alloy.  This  relation 
is  obtained  as  follows : — The  rate  at  which  heat  is  developed  by 
a  current  C  flowing  in  a  wire  of  resistance  li  is 

in  thermal  measure.  The  resistance  of  the  wire  may  be  ex- 
pressed in  terms  of  its  dimensions  and  the  specific  resistance  ? 
of  the  material  thus : 

t  ^  d" 
By  substitution, 

Now  as  the  temperature  rises,  there  are  heat  losses  by  radiation 
and  by  convection  into  the  surrounding  medium,  and  also,  to  a 
greater  or  less  extent,  by  conduction  into  the  terminals.  Neglect- 
ing this  last,  and  assuming  the  radiation  and  convection  to  be 
propoi"tional  to  surface  (to  what  extent  this  is  justifiable  will  be 
presently  considered)  we  may  write  for  the  rate  at  which  heat  is 
thrown  off 

ir  =  7:dU{T—  T%  (2) 

where  T —  T^  is  the  excess  of  temperature  of  the  wire  above 
that  of  the  envelope,  and  e  is  the   emissivity  of  the  surface,  or 


1.  "On  the  lleatiug  Effects  of  Electric  Currents,"  Proc.  lioy.  Soc.,  April 
3,  1884. 

2.  'I  his  law  had  been  previously  enunciated  by  Prof.  Forbes  before  the 
British  Association  in  1882.  (See  Kept  B.  A.)  See  also  paper  by  same  author. 
Jour.  Soc.  Telegraph  Engineers,  vol.  xiii.  p.  236. 
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the  number  of  water-gram- degrees  emitted  per  second,  per  square 
centimetre  of  surface,  per  degree  rise  of  temperature.  Equation 
(2)  may  be  written 

H=  K'  dl 

ioT  any  permanent  temperature.  With  a  constant  current  a  con- 
dition of  affairs  is  soon  reached  when  heat  is  lost  at  the  same 
rate  as  that  at  which  it  is  genemted  by  the  current,  and  a  con 
stant  temperature  obtains.     We  then  have 

H  =  H',  or 


from  which 


where 


Kl{^)^K'Ul, 


G  =  a  <Z», 


T^JtT 


K'  4/> 

Tliig  result  shows  the  fusing  current  to  be  independent  of  the 
length  of  the  conductor.     Evidently  a  is  the  current  necessary 
to  fuse  a  wire  of  unit  diameter.     The  emissivity  is  here  assumed 
to  be  a  constant  quantity  for  a  given  surface.     The  valuable  ex- 
periences of  Kennelly*  on  the  "  Heating  of  Conductors  by  Elec- 
Wc  Currents,"  in  which  the  radiation  and  convection  losses  were 
separated,  and  the  results  of  Ayrton  and  Kilgour^,  indicate  that 
8neh  is  not  strictly  the  case.     These  latter  investigators  found 
that  for  any  temperature  the  emissivity  is  the  higher,  the  finer 
the  wire.     The  rapidity  with  which  fine  wires  heat  and  cool  is  a 
matter  of  common  observation.     Mr.  Kennelly's  results  indicate 
that  the  convection  is  proportional  to  the  temperature  elevation 
for  small  differences  of  temperature,  and  that  moreover  losses 
occuring  in  this  way  increase  slightly  with  the  diameter,  and  are 
dependent  on  the  form  of  the  conductor.     P'or  the  purposes  of 
calculation  of  the  fusing  currents  of  wires,  however,  it  is  suflS- 
cient — as  both  the  results  of  these  investigations  and  those  of 
Mr.  Preece  show — to  consider  only  the  total  heat  loss,  and   to 
assume  the  emissivity  a  quantity  independent  of  the  diameter 
and  temperature  elevation. 

Mr.  Preece's  first  experiments  with  platinum  wires  of  small 

1.  London  Electrician,  vol.  xxiv:  pp.  142,  169,  194. 

2.  *•  The  Thermal  Emissivity  of  Thin  Wires  in  Air."    Abstract  B:  A.  paper 
London  Electrician,  vol.  xxviii:  p.  119. 
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diameter  do  not  appear  to  confirm  the  foregoing  relation.  He 
says: — "Platinum  wires — especially  those  of  small  diameter— are 
liable  to  flaws  which  practically  reduce  their  effective  diameter 
to  a  great  extent ;  and  also  the  larger  wires  from  their  greater 
weight  necessarily  tend  to  part  asunder  at  a  lower  temperature 
than  those  which  are  lighter,  and  in  which  the  strain  is  less." 

In  1887*  Mr.  Preece  presented  the  results  of  an  elaborate 
series  of  experiments  on  wires  of  different  metals,  showing  that 
the  theoretical  relation  is  quite  strictly  borne  out  in  experiment 
except  for  wires  of  extremely  small  diameters.  The  following 
year  "  final  and  corrected  "  values  of  a  were  announced  for  the 
following  metals : 

Copper,        -  -        10244 

Aluminium,     -  -       7585 

Platinum,     -  -           5172 

German  Silver,  -       5230 

Platinoid,     -  -          4750 

Iron,         -        -  -      3148 

Tin,      -         -  -          1642 
Alloy  (Tin  1,  Lead  2),    1318 

Lead,        -        -  -      1379 

In  determining  these  constants,  Preece  used  six-inch  lengths  o 
wire,  while  to  ascertain  the  value  of  the  same  metals  as  cut-outs 
\\  inch  lengths  were  used.  It  will  be  noticed  that  a  value  of  a 
is  given  for  only  one  alloy  of  lead  and  tin.  In  the  course  of  the 
experiments  of  which  this  paper  treats,  a  redetermination  was 
made  for  lead  and  for  tin,  and  at  the  same  time  values  of  the  con- 
stants were  determined  for  various  alloys  of  these  metals.  These 
latter  are,  it  is  believed,  now  announced  for  the  first  time. 
These  metals  were  dealt  with  especially,  because  of  their  ex- 
tended use  in  the  manufacture  of  fuse-wires. 

To  determine  t©  what  extent  the  fusing  current  is  influenced 
by  the  cooling  effect  of  the  terminals,  pieces  of  wire  of  given 
diameter  and  composition,  but  of  varying  lengths  were  succes- 
sively tested.  The  marked  variation  in  current  is  shown  graphi- 
cally in  F'ig.  1,  Curve  a.  It  will  be  noted  that  while  an  8  in. 
piece  fused  at  0.6  amperes,  a  ^  in.  piece  of  the  same  wire  carried 
12.5  amperes,  or  an  excess  of  nearly  100^  before  yielding.  For 
lengths  of  this  wire  greater  than  6  in.  the  conduction  losses  are 

1.  Proc.  Roy.  Soc,  Dec.  22, 1887. 
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tically  nil  in  their  icflnence  on  the  value  of  the  fuBing  cur- 
The  reader  is  referred  to  a  formula  deduced  by  Lord 

in'  for  the  loss  of  heat  occurring  in  thiB  way.  The  procti- 
•oint  to  be  obeerred  at  this  juDctnre  would  iteem  to  be  this: 
afactarers  cannot  accurately  rate  their  fuBe-wire  unless  the 
th  of  the  specimen- to  be  used  is  specified.  In  the  fose- 
iB  in  common  use  it  is  impracticable  to  use  extreme  lengths, 
if  3  in.  pieces  were  used,  the  cooling  effect  would  not  be 
ns.    Fuse-blocks  are  on  the  market  employing  from  \-va.  to 

lengths  of  wire  and  all  the  variation  indicated  by  the  cnrve 

be  expected. 
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I  the  experiments  to  determine  a  for  alloys  of  lead  and  tin, 
aary  commercial  metals  were  used,  for,  although  the  fusing 
mt  is  affected  by  the  presence  of  impurities,  yet  it  was  con- 
-ed  better  to  experiment  with  such  grades  of  metal  as  woald 
sed  in  practice.  The  alloys  were  cast  in  the  form  of  cylin- 
il  slugs,  and  these  were  drawn  into  wires  varying  in  diameter 
I  10  to  100  mils.  These  were  tested  with  great  care.  A 
auon  graded  ammeter  was  used  to  measure  the  current,  the 
ument  being  frequently  calibrated  during  the  wort.     For 


MATTHBW8  ON  FUBS  MBTALB. 


[■■J  17. 


varying  the  cnrreut  strength,  a  liqnid  reBistaDce  was  used.  The 
hoi  containiBg  the  electrolyte  was  provided  with  a  sliding  con- 
tact, BDch  that  the  current  could  be  increased  or  decreased  con- 
tinuously withoat  break  or  nndae  fluctoation. 

There  is  an  important  time  element  to  be  considered  in  connec- 
tion with  the  phenomena  of  fusion.  A  certain  interval  elapses 
before  the  wire  reaches  the  permanent  temperature  correspond- 
ing to  a  definite  carrent.  The  duration  of  the  current  in  this 
portion  of  the  work  was  60  seconds,  experience  showing  that  if 
a  wire  of  moderate  diameter  did  not  fuse  in  that  time  under  the 
action  of  a  certain  current  it  would  not  fuse  at  all.     Corves  i' 
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and  b'  of  Fig.  5  ilhistrate  the  magnitude  of  this  effect  in  a  par- 
ticular case,  the  time  intervals  being  as  L  :  2.  The  variation  in 
fusing  current  exceeds  5  amperes  for  the  larger  sizes.  It  should 
be  noted  in  this  connection,  that  unless  massive  terminals  are 
used,  they  may  themselves  become  heated,  thereby  checking  the 
flow  of  heat  through  the  eiiils  uf  the  wire,  and  tending  to  pro- 
mote ultimate  fusion. 

The  limits  of  this  paper  do  not  allow  the  insertion  of  the  com- 
plete data  on  these  alloys.  The  onrves  of  Fig.  1  (b  and  o),  how- 
ever, may  be  taken  as  representative,  and  indicate  that  the  "  three- 
halves  power  law  "  was  (juite  closely  followed,  a  result  which 
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was  obtained  in  all  the  other  cases.  From  each  observation  of 
current  and  diameter,  a  value  of  the  quantity  a  was  computed  ; 
the  mean  of  these  values  was  taken,  and  a  curve  of  calculated 
fusing  currents  drawn  for  each  alloy.  These  curves  appear  in 
Fig.  2.  It  will  be  noted  that  while  the  temperature  of  fusion  of 
tin  is  considerably  lower  than  that  of  lead,  its  fusing  current  is 
about  24^  higher.     This  is  undoubtedly  due  to  the  difference  in 
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the  resistance  of  the  two  metals.  The  specific  resistance  of  tin 
is  13,360 ;  that  of  lead  19,487  (c.  g.  s.).  There  is  possibly  also  some 
difference  in  the  emissivities  of  the  two  surfaces.  Curve  c.  Fig. 
1,  illustrates  the  effect  of  enclosing  the  fusible  wire  in  glass  tubes. 
As  would  be  expected,  the  convection  is  thereby  checked,  and 
the  fusing  current  very  appreciably  lowered.  This  is  a  point 
which  should  not  be  overlooked  in  practice,  that  is  to  say,  the 
nature  of  the  fuse-block,  whether  closed  or  open,  should  be  con- 
sidered. 


IBS  MATTBBW8  ON  FU8B  MSTALB. 

The  conatants  obtained  were : 
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Plotting  these  constantB  as  ordinatcs,  witli  per  cent,  of  lead  as 
abBciasee  tlie  curve  shown  in  Fig.  3  was  obtained.  From  this 
curve  the  constant  for  any  alloy  of  lead  and  tin  whatsoever  may 
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be  taken,  and  the  current  necessary  to  fuse  a  wire  of  any  diameter 
readily  calculated. 
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Attention  ie  called  to  the  fact  that  those  values  of  a,  which 
ma;  be  considered  as  redeterminations,  are  all  lower  than  the 
Tslnes  annonnced  by  Mr.  Preece  in  1888. 

Comment  on  this  fact  is  made  in  the  original  report  in  the 
following  words : — "  Had  they  been  higher,  we  should  have 
ascribed  the  difference  to  the  fact  of  onr  using  wires  of  shorter 
lengths.  As  it  is,  we  can  only  say  that  Mr.  Preece  doubtless  ex- 
perimented with  chemically  pure  metals,  while  our  wire  was 
drawn  from  the  commercial  article.  He  gra<hially  increased  the 
current  until  fosion  occurred  ;  we  endeavored  to  tind  what  cur- 
rent, when  it  Aadpl^mty  of  time  to  bring  alowt  a  permanent  state 
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from  zero  to  that  which  melts  the  wire,  there  is  danger  of  get- 
ting too  high  current  readings.  Mr.  Preece's  first  determinations 
were  entirely  too  Iiigh,  as  his  later  investigations  show." 

In  order  to  ascertain  the  status  of  marketable  fuse-wire,  a  num- 
ber of  samples  were  obtained  from  different  manufacturers  and 
tested  under  conditions  similar  to  those  already  described.  The 
results  were  represented  graphically  by  curves,  only  two  sets  of 
which  are  here  reproduced.  In  Fig,  4  curve  a  is  that  obtained 
where  2  in.  specimens  were  tested,  and,  as  will  be  seen,  is  not 
far  from  a  \  power  curve.  When,  however,  ^  in.  pieces  of  the 
same  wire  were  tested,  curve  b,  much  higher  and  distorted,  was 
obtained.  The  marked  cooling  effect  of  the  tenninals  is  here 
apparent.  Curve  o  is  the  most  remarkable  of  all.  One-half  inch 
lengths  of  the  same  sizes  of  wire  were  successively  fused  in  a 
porcelain  ceiling  cut-out  block.  This  block  was  so  constructed 
that  the  \7ire  came  in  contact  throughout  its  length  with  the 
cooling  surface  of  the  porcelain.  The  heat  was  conducted  away 
so  rapidly  that  the  current  reached  the  abnormal  values  shown, 
before  rupture  occurred.  For  example,  a  7-ampere  fuse  did  not 
"  blow  "  until  more  than  35  amperes  were  flowing  in  the  circuit. 
Curves  a',  b'  and  o'  in  Fig.  5  represent  the  behavior  of  the  best 
sample  of  wire  tested.  This  wire  was  quite  uniform  in  diameter, 
and  gave  evidence  of  careful  rating.  The  curve  of  rating  should 
be  of  the  same  general  equation  as  that  of  fusion,  since  both 
represent  isothermal  conditions. 

The  requirements  for  an  efficient  safety-fuse  may  be  summed 
up  as  follows : 

1.  Promptness  of  action. 

2.  Low  fusing  point. 

3.  Permanency  under  normal  conditions. 

4.  Moderately  low  resistence. 

5.  Firm  and  lasting  contact. 

Promptness  of  action  requires  that  the  temperature  of  fusion 
should  not  be  too  far  removed  from  that  attained  when  the  wire 
is  being  worked  at  its  rated  capacity.  Moreover,  it  is  important 
that^tlie  metal  should  not  imdergo  chemical  changes  produced  by 
the  action  of  the  heat,  which  may  appreciably  alter  its  melting 
point.  The  formation  of  oxides  may  or  may  not  promote  prompt 
fusion.  In  the  case  of  pure  tin  and  some  of  its  alloys,  a  coating 
of  oxide  is  often  formed  which  retains  the  molten  metal  some 
time  after  the  temperature  of  fusion  has  been  passed,  ultimate  mp- 
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tnre  asuallj  occurring  with  considerable  violence.  On  the  con- 
trary, the  rapid  oxidation  of  iron  and  copper  wires  seems  to  favor 
prompt  fusion. 

The  question  of  low  fusing  point  is  one  with  which  the  fire 
underwriters  are  concerned,  since  wires  fusing  at  high  tempera- 
tures introduce  an  element  of  danger  from  fire.  With  fuses 
enclosed  in  properly  constructed  blocks,  the  danger  from  this 
source  is  not  great,  and  the  necessity  of  employing  a  metal  of 
low  melting  point  is  not  so  important  as  might  be  imagined. 
Experience  shows  that  fuses  made  of  nearly  all  the  metals  avail- 
able for  such  purpose,  will  melt  without  dangerous  scattering  of 
particles  or  liberation  of  hot  gases,  when  the  current  is  gradually 
increased  until  the  break  occurs.  This,  however,  is  a  condition 
which  rarely  obtains  in  practice.  Mr.  Preece  experimented  with 
various  metals  to  determine  their  behavior  on  short-circuit  He 
made  for  each  metal  a  verbal  description  of  the  character  of  its 
fusion,  such  as  : — "  Scintillating  particles  flew  in  all  directions  to 
a  great  distance."  His  results  are  unique  and  comprehensive  as 
regards  the  variety  of  metals  experimented  with,  but  suffer  from 
the  inadequacy  of  the  English  language  to  express  with  proper 
shading,  the  nature  and  degree  of  the  disturbance  in  each  case. 
The  author  of  this  memoir  hit  upon  the  plan  of  surrounding  the 
fuse  with  a  paper  cylinder  about  3^  in.  in  diameter  and  10  in. 
in  length,  and  then  exploding  the  fuse  by  an  excess  of  current. 
In  this  way  a  series  of  autographic  records  were  obtained,  show- 
ing with  considerable  accuracy  what  happened  in  each  case. 
These  records  are  perhaps  more  curious  than  valuable,  but  they 
are  undeniably  interesting,  and  it  is  to  be  regretted  that  some  of 
them  can  not  be  reproduced  here.  Owing  to  the  cylindrical 
form  of  the  paper,  the  particles  of  molten  metal  striking  it,  in 
any  way  but  normally,  traced  out  sinusoidal  curves  of  continually 
decreasing  amplitude.  The  vapors  liberated,  colored  the  paper 
quite  beautifully  in  many  cases,  and  usually  in  characteristic  tints  ; 
while  an  idea  of  the  temperature  attained  was  given  by  the  de- 
gree to  which  the  paper  was  burned.  In  most  cases  when  i  in. 
pieces  were  used,  an  arc  was  established  across  the  terminals,  the 
intense  heat  of  which  was  far  more  destructive  than  anytliing 
resulting  from  the  temperature  of  the  metal.  The  reader  is 
referred  to  the  original  thesis^  for  these  curious  records,  as  well 

1.  In  Cornell  University  Library     T  1898,    ^16. 
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as  for  much  other  matter  pertaining  to  a  sabject  which,  it  is  be- 
lieved, is  too  liable  to  be  regarded  of  trivial  importance. 

Part  II. 

What  has  been  said  in  Part  I.  will  doubless  apply  equally  well 
to  fuses  on  either  direct  or  alternating  current  circuits,  but  in 
the  latter  case  a  new  and  annoying  phenomenon,  well  worthy  a 
special  investigation,  confronts  the  electrician.     Reference  is  had 
to  the  subtle  eflfect  of  the  alternating  current  on  fuse  metals  by 
reason  of  which  they  often  yield  when  carrj'ing  currents  well 
within  their  rated  capacities.     This  phenomenon  was  mentioned 
in  the  editorial  columns  of  the  New  York  Electrical  Engineer 
of  Sept.  16,  1891.     Referring  to  a  paper  previously  read  before 
the  Providence  convention  of  the  Electric  Light  Association,  the 
following  words  were  used : 

"Perhaps  the  most  important  (point)  was  the  nature  of  th 
fuses  employed  in  the  alternating  current  system,  and  the  diffi- 
culties which  accompany  their  use  as  described  by  several  mem- 
bers. It  would  thus  seem  that  the  action  of  the  alternating  cur- 
rent has  a  disintegrating  effect  upon  the  fuses,  which  causes  them 
to  '  blow  '  after  comparatively  short  use,  and  thus  necessitating  a 
constant  renewal  and  supervision  of  the  circuits." 

The  discussion  following  the  paper  above  mentioned,  showed 
that  this  trouble  had  been  experienced  by  many,  and  the  hope 
was  expressed  that  a  careful  investigation  of  the  matter  should 
be  made.  To  cite  a  particular  case  : — In  the  lighting  system  of 
the  Cornell  University  Library  eight  50-volt  circuits  were  sup- 
plied with  fresh  fuses  and  a  record  kept  of  their  behavior  for  a 
period  of  three  months.  During  this  time  it  was  found  neces- 
sary to  furnish  six  of  the  circuits  with  new  fuses,  one  circuit 
requiring  three  such  renewals.  In  this  last  case  the  fuse  was 
badly  corroded,  owing  to  water  dripping  from  the  floor  above. 
The  others  were  in  dry  and  airy  places,  the  contact  being  bright 
and  firm.  One  of  the  fuses  had  the  appearance  of  being  simply 
cut,  the  opening  being  so  narrow  as  to  require  close  examination 
to  detect  it. 

In  their  attempts  to  study  this  i)ecuHar  effect  of  the  alternating 
current,  the  chief  difficulty  encountered  by  the  experimenters 
was  the  fact  that  their  reports  had  to  be  submitted  in  a  compara- 
tively short  time.  The  subject  is  peculiarly  one  requiring  long 
periods  in  which  the  action,  wliatever  its  nature,  may  proceed  far 
enough  to  yield  results  of  definite  and  (juantitative  value. 
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For  the  purpose  of  systematic  investigation  it  was  assumed 
that  the  effects  of  the  current  might  be  one  or  more  of  the  fol- 
lowing : 

{a)  A  change  in  the  resistance  of  the  metal.  It  was  thought 
that  this  would  likely  be  a  rise,  with  a  result  of  lowering  the 
value  of  the  fusing  current. 

(J)  A  change  in  the  physical  properties  of  the  metal.  It  was 
thought  possible  that  a  molecular  change,  such  as  crystallization, 
might  take  place,  caused  by  alternate  contraction  and  expansion 
from  the  heating  effects  of  a  varying  current. 

{c)  Poor  contact.  This  might  be  due  to  the  loosening  of  the 
binding  screws  or  other  holding  device,  because  of  the  frequent 
alternations.  Imperfect  contact  due  to  electrolytic  action  would 
be  more  likely  to  occur  with  direct,  than  with  alternating  cur- 
rents. 

id)  The  effect  of  the  current  upon  various  metals  and  alloys 
was  thought  likely  to  be  different,  and  consequently  some  alloys 
might  be  of  just  the  right  composition  to  overcome  most  of  the 
difficulties  mentioned. 

The  following  results  deal  particularly  with,  and  tend  to  cor- 
roborate, the  first  and  second  assumptions  : 

Samples  of  wire  of  various  rated  capacities  were  obtained  from 
four  different  manufacturers  (liereafter  designated  by  i,  ii,  iii 
and  iv),  and  of  this  wire,  fourteen  pieces  were  chosen  for  use  in 
the  tests.  The  sizes  and  disposition  of  these  several  pieces  were 
as  tabulated. 


No. 

Make. 

Rated 
Capac. 

(Cms.) 

(So.  cms.) 
Area. 

(Legal  ohms) 
Resist. 

(Microhms.) 

Si>ecifiic 

Resist. 

Length. 

Diameter. 

X 

i 

9 

188 

•0635 

.00316 

1.276 

91.4 

9 

■ 

IV 

a 

105 

.0476 

.00178 

.8727 

14.76 

3 

i 

3 

299.5 

.0797 

.005 

1. 3271 

29 

4 

iv 

3 

9!.  I 

•053 

.00913 

.7188 

»3-5 

S 

iv 

5 

.0894 

.00534 

.2420 

13.9 

6 

•  •  • 

Ul 

lO 

196.5 

.1224 

.01179 

.3326 

19.99 

7 

i 

i8 

178 

.1585 

.0197 

.1153 

19.76 

8 

1 

36 

70.4 

.1585 

.0197 

.0229 

19.76 

9 

ii 

18 

"3 

.1585 

.0197 

.0756 

19.76 

lO 

• 

IV 

10 

109 

.1063 

.00886 

.1674 

13.59 

XI 

• 

1 

18 

129.2 

.1585 

.0x97 

.0872 

19.76 

19 

•  • 

11 

18 

12^ 

.•585 

.0197 

.0786 

19. 76 

«3 

•  • 

n 

«5 

198 

.1913 

.0287 

.0866 

".55 

X4 

ii 

95 

940 

•  1913 

.0287 

.0916 

12-55 

There  is  some  difficulty  in  accurately  measuring  the  diameter 
of  a  wire  of  soft  material.     The  foregoing  values  were  obtained 
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from  a  large  number  of  measurements,  the  variation  being  never 
greater  than  2^,  and  this  very  seldom.  Pieces  of  wire  from 
each  sample,  varying  in  length  from  2  to  10  feet,  were  wound 
into  helices  and  mounted  on  wooden  blocks.  The  ends  were 
soldered  to  copper  terminals  of  negligible  resistance,  the  metal 
itself  being  used  as  a  solder  and  resin,  as  a  flux.  The  joints  were 
allowed  to  stand  at  least  twenty-four  hours  before  any  measure- 
ments of  resistance  were  taken.  For  the  determinations  of  re- 
sistance, a  "  fall  of  potential "  method  was  chosen,  as  being  best 
adapted  to  these  small  values.  The  standards  used  were  a  odc- 
ohm  coil  standardized  at  the  Cavendish  Laboratory  in  1885,  and 
a  smaller  compensated  resistance  composed  of  copper  and  carbon, 

accurately  tested  and  compared  with  the  standard  coil. 

After  the  fuses  were  mounted  as  above  described  their  resis- 
tances were  found,  and  they  were  placed  on  the  circuits  available 
in  the  laboratory  as  follows  : 

Nos.  1  to  6  inclusive.  Alternating  ^  =  250. 
"  7  "  9  "  "  --  =  132. 
"  10  "  14      "  Direct 

These  fuses  were  subjected  to  the  action  of  the  current  ioT* 
periods  ranging  from  83  to  487  hours — this  variation  being  du^^ 
to  the  fact  that  the  circuits  were  used  intermittently  for  lightin^^ 
and  for  general  laboratory  purposes.     From  time  to  time  addi — ' 
tional  resistance  measurements  were  made.     In  the  original  re — 
port  the  change  in  resistance  is  exhibited  graphically  by  means—* 
of  curves.     These  curves  are  so  widely  dijBEerent  in  form  that 
their  interpretation  becomes  a  difficult  matter,  and  the  determi- 
nation of  any  law  impossible.     They  indicate,  however,  that  a 
distinct  rise  in  resistance  occurred  in  all  of  the  fuses  on  alterna- 
ting circuits  except  No.  6,  which  shows  a  somewhat  anomalous 
behavior.     The  maximum  rise   occurred  in  the  case  of  No.  8, 
amounting  to  29.6^  in  105  hours.     Of  the  fuses  on  direct  current 
circuits,  all  but  one  showed  a  slight  decrease  in  resistance,  the 
maximum  change  being  only  3.5^^.     The  figures  for  each  speci- 
men appear  in  a  succeeding  table. 

That  some  molecular  change  actually  took  place  was  shown  in 
the  following  way : — It  being  practically  impossible  to  test  wires 
of  so  soft  material  for  tensile  strength,  it  was  considered  best  to 
subject  them  to  an  alternate  torsional  stress  of  a  given  amount, 
continuing  the  alternations  and  noting  the  number  until  the 
specimen  gave  away.     A  simple  piece  of  apparatus  was  con- 
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2ted  for  this  purpose,  and  it  did  its  work  very  well.     Twenty 

68  of  each  of  the  fourteen  specimens  were  tested  in  this  way. 

of  these  had  been  subjected  to  current  action,  and  ten  had 

The  change  in  brittleness  in  the  case  of  the  fuses  which 

been  on  alternating  circuits  was  quite  marked,  being  in  no 

less  than  1% ;  while  the  change  in  those  which  had  been  on 

ct  circuits  was,  with  one  exception,  negligible.     These  results 

jther  with  some  data  on  the  fusing  points  before  and  after 

passage  of  the  currents  are  given  in  the  subjoined  table  : 


Rated 
capac. 

Fusing  Current. 

Tor:  ion  Test. 

t 

!  Per  Cent. 

Before. 

Afier. 

Per  Cent. 
Change- 

Before.        After. 

Per  Cent. 

noursi    -,:       — 
Run.      Change 
1     Resist. 

1 
1 

a 
a 
3 
3 
5 

lO 

i8 

36 
18 

8.83 
7.96 

12.6 
8.46 

17.96 

27.4 

52 

52 

52 

8.56 

7.86 

12.15 

17.46 

25.3 
46.4 

45-4 
495 

3.06 
1.26 

3-56 
2.6 

2-55 

8.3 
10.8 
II  9 

4.8 

M4 
21.6 

14.9 

28.8 

21.7 

13-3 
14.8 

15. 2 

16.9 

1 

10.9 
19.9 
13.2 

22.4 
18.5 

11.7 
11 

13.6 
13-9 

24 

7-9 
11.14 
21.4 
14.8 
12 

36.4 
10.5 
17.8 

487 
169 

487 
169 
170 

487 
209 

105 
83 

1 

O.a 

0.5 
«5 

0.4 

a.a 
2.0 

"•3 
39.6 

3-5 

10 
«8 
18 
«5 
as 

26.8 

52 
52 

65.06 
65.06 

36.8 
51-5 

5«-4 
65.02 

65 

% 

I.I      ; 
.061 
.09a 

24  1 

138 

11. 1 
11.4 

239 
13-7 

12.3 
II.O 

11.3 

.8 

.7 
10 

.0 

.8 

170 
200 
296 
300 
264 

—  a.9 

—  3-5 
-0.1 

—  3.3 

—  «-5 

Tiile  these  results  may  be  considered  as  only  a  beginning 
g  a  line  of  work  which  is  of  both  theoretical  interest  and 
tical  value,  yet  they  would  seem  to  warrant  the  following 
ilusions : 

)  There  is  a  distinct  although  irregular  rise  in  the  resistance 
fuse  on  an  alternating  circuit.  (2)  This  is  perhaps  to  be 
unted  for  by  a  change  in  the  molecular  structure  of  the 
il.  (3)  This  results  in  a  decided  lowering  of  the  fusing  cur- 
,  in  some  cases  at  least,  easily  sufficient  to  affect  the  reliability 
le  fuse. 
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Discussion. 

The  President  : — Gentlemen,  you  liave  heard  the  interesting 
paper  of  Mr.  Matthews. 

I  understood  you  to  say,  Mr.  Matthews,  that  on  Figure  1, 
page  255,  the  iimuence  of  the  lower  current  required  to  blow 
the  fuse  in  the  enclosed  tube  was  attributed  to  conducting  power. 
I  should  think  in  that  case  it  would  be  rather  due  to  the  pre- 
venting of  convection  and  radiation. 

Mr.  Matthews  : — Yes,  sir.  That  was  what  I  intended  to  say 
— that  the  convection  losses  were  checked. 

The  President: — Did  you  make  any  experiment  in  the  alter- 
nating fuses  on  the  influence  of  the  corrugation  or  the  increase 
of  the  surface?  1  should  think  that  the  surface  action  of  the 
alternating  current  in  a  fuse  wire  would  rather  suggest  the  in- 
troduction of  a  fuse,  the  cross-section  of  which  would  be  a  cor- 
rugation, 60  that  you  would  have  the  same  weight  of  metal  per 
lineal  foot. 

Mk.  Matthews: — No  experiments  were  made  to  detennine 
that.  But  we  noticed  that  in  those  samples  which  were  rough, 
the  radiation,  evidently,  was  thereby  greatly  increased.     Conse- 

auently  tliev  had  a  higher  fusing  current  than  those  of  the  same 
iameter  which  were  smooth.     That  is  as  far  as  we  went. 

The  President: — 1  was  alluding  to  the  surface  action  with  ai^ 
alternating  current. 

Has  any  gentleman  any  remarks  to  make  on  this  paper  i 

Mr.  Elmer  G.  Willyoung: — 1  was  very  much  interested  b; 
Mr.  Matthews  paper,  as  it  bears  on  certain  experiments  I  had  oc 
casion  to  make  a  couple  of  years  ago  upon  the  action  of  direct 
currents  on  fuses,  and  I  think  there  are  certain  factors  in  th( 
action  of  such  currents  on  fuses  that  Mr.  Matthews  has  not 
touched  upon.  For  instance,  a  very  important  consideration — 
which  I  found  made  a  great  difference  in  the  fusing  point,  was 
whether  the  fuse  was  arranged  in  a  horizontal  position  or  in  a 
vertical  position.  The  vertical  fuse,  if  I  remember  rightly,  fused 
at  a  mucli  lower  fusing  point  than  the  horizontal  fuse. 

Another  point — in  the  matter  of  length  of  fuse  has  a  relation 
not  only  to  the  conductivity  of  the  terminal  blocks,  but  it  is  im- 
portant in  this  respect — that  wheu  tiie  current  is  passing  through 
the  fuse,  and  the  latter  gets  somewhere  near  the  fusing  point, 
the  weight  of  the  fuse  itself  is  an  element.  I  have  found  that 
when  you  are  still  some  distance  from  the  fusing  point,  and  the 
fuse  is  pretty  well  warmed  up,  that  it  begins  to  drag  on  the  ter- 
minals and  therel)y  lengthen  out  the  fuse,  and  consequently 
diminish  the  cross-section.  If  the  current  is  now  reduced  and 
then  comes  uj)  at  some  later  period,  the  fuse  will  blow  at  a  much 
lower  point  than  it  would  have  done  if  it  had  been  fused  by  a 
steadily  rising  current  in  the  first  place. 

A  good  many  fuses  that  I  experimented  with  were  obtained 
from  those  manufacturers  recognized   as  making  the  best  fuse 
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virires.  I  fonnd  that  crystallization  took  place  in  a  great  many  of 
the  fuses — a  majority  of  them  I  think — which  had  the  result  of 
raising  the  fusing  point.  If  the  current  were  brought  up  to 
within  75  per  cent,  of  the  fusing  point  and  retained  there  tor  a 
considerable  length  of  time ;  then  lowered  and  again  raised,  the 
fusing  point  hadgone  right  up.  An  examination  of  the  broken 
fuses  snowed  crystallization,  as  I  thought,  in  the  fuses. 

The  President: — Mr.  Edison  noticed  that  fact  in  condensing 
platinum,  subjecting  it  to  the  action  of  prolonged  heat. 

Mb.  Willyoung  : — I  found,  too,  that  while  the  law  {C=^ad\) 
placed  upon  the  blackboard  was  followed  in  a  general  way,  the 
way  in  which  it  was  followed  was  so  general  and  was  modified 
by  so  many  circumstances  in  practice  that  it  really  had  no  value 
whatever.  It  may  have  a  theoretical  value  and  be  theoretically 
correct.  But  practically  I  have  never  been  able  to  find  that  it 
applied,  and  the  question  of  the  manner  in  which  the  fuse  is  to  be 
connected  up  in  the  circuit  is  such  a  tremendously  important 
3ne,  that  I  think  it  is  just  as  important  to  investigate  the  question 
3f  uniformity  of  terminals  as  it  is  to  investigate  the  fuses.  I  do 
not  believe  that  we  will  ever  be  able  to  use  fuses  in  any  satisfac- 
tory manner  until  there  is  some  uniformity  in  the  method  of  con- 
necting the  fuse  in  with  the  circuit.  You  can  buy  on  the  market 
all  sorts  of  cut-outs  with  all  sorts  of  terminals  and  surfaces,  the 
fuses  being  enclosed  in  all  «orts  of  boxes  of  all  sorts  of  cubic 
capacities,  and  the  result  in  a  given  fuse  will  be  vastly  different 
in  different  cases,  differing  by  thirty,  forty  or  fifty  per  cent.,  as 
I  have  found  actually  to  be  the  case.  I  think  it  is  one  of  the 
things  that  ought  to  be  urged  on  manufacturers,  to  endeavor  to 
come  to  some  uniform  method  in  manufacturing  fuses  and  fuse 
boxes,  not  necessarily  in  external  appearance,  but  in  internal  di- 
mensions. The  fuses  should  be  of  a  certain  length,  should  be 
used  in  a  certain  way,  either  horizontally  or  verticafiy,  and  should 
liave  terminals  exposed  in  a  certain  manner  and  of  certain  sizes, 
iccording  to  Ihe  maximum  cun'ents  which  are  to  be  used.  On 
iltemating  current  work  I  have  no  experience  at  all. 

The  curves  that  Mr.  Matthews  shows,  and  of  which  I  have  been 
ible  to  get  a  dim  comprehension,  are  certainly  very  curious 
md  very  interesting.  I  liave  had  a  great  many  people  ask  me 
Bvhat  I  knew  about  the  subject  of  fuses  that  were  used  with  al- 
:ernating  currents,  and  have  always  been  obliged  to  say  that  I 
iid  not  Know  anything.  I  am  very  glad  to  see  tliat  Mr.  Mat- 
;hew8  has  taken  hold  of  this  subject  and  is  endeavoring  to  get 
lome  information  upon  it. 

Dr.  Nichols  : — I  am  rather  sorry  that  Mr.  Matthews  has  not 
ittempted  to  incorporate  in  his  paper,  in  published  form,  some 
example  of  the  use  of  the  method  which  he  described,  of  obtain- 
ug  a  record  by  means  of  a  paper  cylinder.  It  was,  I  presume, 
)mitted  from  the  feeling  that  it  is  not  very  easy  to  print  prop- 
5rly  the  record  thus  obtained.     But  it  seems  to  me  that  that 
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method  is  well  worth  perpetuating.  It  is  an  ingenions  and  very 
simple  one  and  the  automatic  indications,  although  not  very  easy 
to  translate  in  detail,  yet  are  indications  of  the  performance  of 
different  metals  when  fused,  which  it  seems  to  me  would  be  very 
useful  to  those  who  have  to  deal  with  fuses.  The  fact  that  they 
form  these  sine  curves — that  is  purely  incidental,  and  has  no 
bearing ;  but  the  way  in  which  the  paper  is  treated  under  the 
action  of  the  flying  bits  of  molten  metal  in  the  different  cases 
is  to  my  mind  very  instructive.  I  think  probably  many  members 
would  be  ^lad  to  get  a  nearer  glimpse  of  some  of  the  curves 
which  Mr.  Matthews  showed  us  from  a  distance. 

Mr.  Milton  C.  Canfikld  : — I  would  like  to  ask  the  author  a 
question  with  regard  to  the  use  of  copper  for  fuses.  It  is  fre- 
quently used  in  railroad  work.  I  would  like  to  know  how  cop- 
per compares  with  other  fuse  metals  in  regularity  of  fusing 
point,  and  whether  the  fusing  point  changes  with  age,  and  also 
whether  it  shows  any  different  action  when  used  wifli  the  alter- 
nating current. 

Mr.  Matthews  : — My  opinion  is  that  copper  furnishes  one  o£ 
the  best  materials  for  a  fuse  metal,  when  the  fuse  is  entirely  sur— 
rounded,  so  that  there  is  no  danger   of  lire  resulting  from  it.     V 
think  it  one  of  the  most  reliable  and  most  accurate  metals  thai 
can  be  used  for  that  purpose. 

I  can  say  this  in  response  to  something  that  Mr.  Willyouni 
says,  that  the  formation  of  oxides  in  the  cases  of  the  tin,  and  th< 
tin  and  lead  alloys,  may  delay  the  fusion  almost  indefinitely,  the  ^^ 
current  being  carried  to  an  abnormal  value  before  the  fusion  ^ 
occurs,  fusion  then  occuring  with  considerable  violence  ;  because  — 
you  have  there  a  sac  of  molten  metal  which  finally  ruptures  and  J 
the  particles  are  sent  to  a  considerable  distance.  That  never  " 
occurs,  so  far  as  my  experience  goes,  in  the  case  of  iron  and 
copper.  On  the  contrary,  oxidation  of  copper  and  iron  seems  to 
favor  prompt  fusion  rather  than  to  delay  it. 

So  far  as  the  effect  of  alternating  currents  on  copper  is  con- 
cerned, I  have  not  experimented  at  all. 

One  word  in  regard  to  that  law.  I  would  like  to  ask  what  law 
you  are  going  to  adopt  if  you  do  not  adhere  to  that  which  is  the 
most  probable?  Certainly  there  is  no  law  which  expresses  the 
state  of  things  better  than  that  law,  and  by  what  rule  is  a  man- 
ufacturer going  to  rate  his  fuses  if  he  does  not  adopt  some 
such  law  as  that  ?  The  curve  of  rating  should  be  a  f-power 
curve  in  the  same  sense  as  the  curve  of  fusion,  because  it  repre- 
sents an  isothermal  condition. 

Mr.  Willyoung  : — I  do  not  mean  to  discount  the  value  of  that 
law  in  certain  senses  of  the  word.  The  law  is  generally  true  ;  I 
found  that  to  be  the  case.  But  what  I  mean  is,  that  the  law  is  so 
modified  in  the  fuses  which  are  put  upon  the  market — I  am  not 
referring  to  copper  and  iron  fuses,  because  they  are  not  on  the 
market,  so  far  as  I  know ;  they  are  not  offered  to  the  public  by 
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the  inaimfacturers — but  I  am  referring  to  the  fuses  which  are 
actually  put  on  the  market  at  the  present  time,  the  most  of 
which  are  probably  alloys  of  lead  and  tin,  and  in  those  fuses  the 
act  ion  of  toe  current  is  so  modified  by  the  attendant  circumstances, 
such  as  length  and  position,  shape  of  the  enclosing  area,  shape 
of  conductors  and  so  on,  that  1  should  say  that  the  law  which 
the  manufacturers  ought  to  follow  is  not  the  law  of  Preece,  but 
the  law  of  actual  tests.  A  manufacturer  who  makes  fuses  does 
not  change  his  manner  of  making  those  fuses  every  day,  and 
consequently  it  is  a  very  simple  matter  for  him  to  make  a  deter- 
mination of  the  Quality  of  his  fuses — to  make  those  determina- 
tions often  enougn  to  make  sure  that  the  standard  he  has  decided 
on  is  not  being  varied  from,  rather  than  to  have  him  attempt  to 
make  fuses  from  the  theoretical  law  without  considering  how  the 
fuses  actually  behave  in  practice. 

The  Pbesident: — ^Are  there  any  further  remarks? 

If  not,  paper  No.  2  is  in  order  on  "A  Modified  D'Arsonval 
Galvanometer,"  by  Lieutenant  Parkhurst.  The  Secretary  in- 
forms me  that  Lieutenant  Parkhurst  is  not  here.  The  Secretary 
will  therefore  read  the  paper. 

The  Secretary  read  the  following  paper : 


A  paptr  presented  at   the    Tenth    General  Meet-  ■  *^ 
inf  of  the   American   Institute  of  Electrical 

Engineers^  New   Vork^  May  17,  1893,     Presi-  ■  .. — 

dent  Houston  in  the  Chair.  ■  "* 

■■'-I 


A    MODIFIED    DEPREZ-D' ARSON VAL    GALVANOM- 
ETER. 


BY    LIEUT.  CHARLES   D.  PARKHURST. 


So  far  as  the  writer  lias  observed  in  all  forms  of  this  gaL  "^^' 
nometer  in  actual  use,  or  as  illustrated  and  described  in  varied 
articles  descriptive  of  its  construction  and  use,  and  in  cataloged 
advertising  it  for  sale,  it  has  always  been  arranged  for  use  w^ 
a  lamp  stand  and  scale  for  reading  the  deflections  by  the  varyii 
position  of  the  spot  of  hght  and  image  of  cross-hair  reflecl 
from  a  concave  mirror;  the  protective  screen  to  cut  off  air  cd 
rents  has  always  been  of  glass,  and  even  though  a  plain  \\\\rx<^^^ 
be  substituted  for  the  concave,  there  is  nothing   to  put  the  mil 
ror  in  shadow ;  hence,  as  the  writer  knows  from  experience,  nt 
satisfactory  results  could  be  obtained  with  this  form  used  in  con, 
nection  w4th  a  reading  telescope. 

Opinions  may  differ  as  to  the  relative  merits  of  the  two  sy« 
tems  of  reading  reflecting  galvanometer  deflections.  Certain  il 
is,  however,  that  the  lamp  stand  and  scale,  form  a  clumsy  and 
bulky  outfit.  To  get  a  good,  sharp  and  clear  image  of  the  spot 
of  light  and  its  cross-hair  needs  a  very  strong  light  or  a  dark 
closet  in  which  to  use  the  galvanometer.  Independent  of  its 
bulkiness  and  want  of  portability,  it  is  a  hot  and  inconvenient 
method  of  reading,  and  one  that,  in  the  writer's  opinion,  l>ear8 
no  comparison  with  the  ease  and  reflnements  of  reading,  obtain- 
able with  a  reading  telescope  worthy  of  the  name. 

Since  to  show  up  well  in  a  reading  telescope  the  mirror  must 
be  in  a  heavy  shadow,  and  the  scale  upon  the  telescope  be  well 
illuminated,  the  writer  found  that  a  modification  of  the  ordinary 
D' Arson val  galvanometer  in  his  possession   was  necessary,  and 
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this  modification  will  now  be  ilescrihed,  reference  being  made  to 
the  drawings  herewith  drawn  to  scale  one-quarter  size. 

The  horse-shoe  or  rather  U-shaped  magnet  was  dropped  down 
completely  through  the  base,  so  as  to  project  below  its  lower  sur- 
face sufficiently  to  allow  the  lower  tension  spring  to  be  monntvd 
on  the  uiuUr  aide  of  the  base,  where  it  could  be  reached  at  any 
time  to  adjust  the  tension  of  the  suopension.  This  became  nec- 
essary owing  to  the  tixed  brass  case  which  enclosed  the  instra- 
xnent,  as  shown  in  the  illustration,  this  fixed  brass  case  being  the 
necessary  opaque  case  to  shut  off  all  light  except  from  the  front, 
ftod  at  the  same  time  protect  the  interior  of  the  instrument  from 
all  air  currents.  The  leveling  screws  of  the  base  were  mad* 
long  enongh  to  allow  the  tension  spring  screws  to  be  couTeniently 


reached  without  disturbing  the  galvanometer  when  once  set  up 
ind  leveled.  An_adjustnient«  necessary  at  any  time  could  there- 
fore be  made  withoutjany  undue  disturbance  of  the  galvanometer 
on  its  stand.  This]  tension  Hpring  is  shown  at  s.  Figs.  2  and  3  ; 
tiie  check  nnt  and  tension  screw  at  c  and  t,  same  tiguret'. 

Although  the  constrnetion  of  the  ordinary  D'Arsonval  gal- 
Tanometer  is  probably  known  to  all,  the  following  complete  de- 
scription is  given  of  the  modified  construction  for  the  beneht  of 
any  who  may  not  be  familiar  with  the  instrument  in  aiiy  *«"". 
and  also  to  enable  the  modification  to  be  fully  understood  ana  be 


copied  by  any  one  desirous  of  so  do!nf£. 


Kig.  i  shows  the  plan 


of  the  base  with  the  magnet  in  .position 
used  to  eoanre  the  vertical  and  rigid   pupiti 


double  brass  knees  are 
of  the  magnet. 


PARKBUHBT  ON  QALVAlfOUBTSRS. 


[Haj  IT. 


(See  KK,  Fig8.  1,  2  and  3.)  In  Figs.  2  and  3  it  will  be  seen 
how  the  magnet  is  dropped  down  through  the  base,  giving  room 
between  the  bottom  of  the  base  and  the  bend  of  the  magnet  for 
the  point  of  the  tension  spring  to  extend  into  the  centre  line,  bo 
as  to  receive  the  lower  snspension  wire.  The  spring  itself  ii  s 
flat  strip  of  spring  sheet  brass  about  ^  incli  thick,  ^  inch  wide 
at  the  securing  end,  and  ^  inch  wide  at  tlie  free  end.  It  ii 
mounted  npon  a  block  of  braes  iXiXi  at  the  securing  end,  tad 
here  rigidly  secured  to  the  baae ;  tliis  gives  plenty  of  free  play 


for  the  spring  at  its  free  end  and  it  carrius  a  small  silver  hook 
securely  soldered  into  the  spring. 

The  base  itself  is  turned  np  from  solid  ebonite,  with  a  raised 
central  part  that  fits  the  bottom  of  the  brass  case  snugly,  thereby 
centering  the  latter  upon  the  base  ;  the  brass  case  is  of  4  inch 
brass  tubing,  -}f  inch  thick,  provided  with  the  window  as  shown. 
The  window  ih  made  large  to  allow  the  mirror  and  its  reflected 
scale  to  l>e  seen  through  a  wide  angle. 

The  frame  of  the  instrnment   tn  provide  suspensions  for  the 
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coil  is  entirely  independent  of  the  case.  It  consists  of  the  up- 
right brass  rod  n  and  the  upper  bar  t.  The  upright  is  securely 
fastened  to  the  base  in  rear  of  tlie  centre  of  tlie  magiiet  as  shown, 
and  at  right  angles  to  the  base. 

The  bar  t  projects  over  the  top  of  the  magnet,  as  shown,  and 
carries  upon  it,  as  an  integral  part,  the  circular  flanged  plate  p. 
This  plate  fits  into  a  corresponding  central  hole  in  the  top  of  the 
brass  case,  so  as  to  close  this  latter  hole  snugly  ;  this  hole  is  nec- 
essary BO  that  the  case  can  be  removed  at  any  time  withoat  dis- 
turbing the  suspension,  or  can  be  put  on  after  any  adjustment  or 


repairs  that  require  the  removal  of  the  case,  and  yet  leave  the 
suspensioo  untouched. 

In  the  centre  of  the  plate  p,  and  so  as  to  be  exactli/  over  the 
centre  of  the  magnet,  the  tube  r  is  securely  fastened ;  this  tube 
carries  and  centrei;  the  sliding  rod  a  ;  this  latter  rod  carries  at  its 
lower  end  the  silver  liook  as  shown,  and  is  clamped  in  any  posi- 
tion desired,  by  the  screw  w  and  check  nut  n. 

The  coil  frames  (for  details  see  Fi^cs.  4.  5  and  fi)  is  made  from 
tbin  sheet  copper,  worked   over  a  form   into  a  light  rectangular 
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(See  K  K,  Figs.  1,  2  and  3.)  In  Figs.  2  and  3  it  will  be  nen 
bow  the  magnet  ie  dropped  down  throngb  tbe  base,  ^ving  room 
between  the  bottom  of  the  base  and  the  bend  of  the  magnet  for 
the  point  of  the  tension  spring  to  extend  into  tbe  centre  line,  w 
as  to  receive  the  lower  snspeneion  wire.  The  spring  itself  ii  i 
flat  strip  of  spring  sheet  brass  about  fg  inch  thick,  \  inch  wide 
at  the  securing  end,  and  ^  inch  wide  at  the  free  end.  It  ii 
mounted  upon  a  block  of  brass  i  X I X  i  at  tbe  securing  end,  ind 
here  rigidly  secured  to  the  base ;  this  gives  plenty  of  free  plaj 


for  the  spring  at  its  free  end  and  it  carries  a  Hinall  silver  hook 
securely  soldered  into  the  spring. 

The  base  itself  is  turned  np  from  solid  ebonite,  with  a  raised 
central  part  that  fits  the  bottom  of  the  brass  case  snugly,  thereby 
centering  the  latter  u|)on  the  base  ;  the  brass  case  is  of  4  inch 
brass  tubing,  -f^  inch  thick,  provided  with  the  window  as  shown. 
The  window  is  made  large  to  allow  the  mirror  and  its  reflected 
scale  to  1h3  seen  thniugh  a  wide  aiijjle. 

The  frame  of  the  instrnment  to  provide  suspensions  for  the 
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coil  is  entirely  independeut  of  the  case.  It  consists  of  the  up- 
right braes  rod  n  and  tlie  upper  bar  t.  The  upright  is  securely 
fastened  to  the  base  in  rear  of  the  centre  of  the  magnet  as  shown, 
mnd  at  riglit  angles  to  the  base. 

The  bar  t  projects  over  the  top  of  the  magnet,  ae  shown,  and 
earriea  upon  it,  as  an  integral  part,  the  circular  flanged  plate  p. 
This  plate  fits  into  a  corrceponding  central  hole  in  the  top  of  the 
brass  case,  ho  ae  to  close  this  latter  hole  snugly ;  thie  hole  is  nee- 
eesarj  so  that  the  case  can  be  removed  at  any  time  without  dii- 
tnrbing  the  suspension,  or  can  be  put  on  after  any  adjustment  or 


repairs  that  require  the  removal  of  the  case,  and  yet  leave  the 
suspeneioD  untouched. 

In  the  centre  of  the  plate  p,  and  so  as  to  be  exacUy  over  the 
centre  of  the  magnet,  the  tube  R  is  securely  fastened  ;  this  tubs 
carries  and  centres  the  eliding  rod  a  ;  this  latter  rod  carries  at  its 
lower  end  the  silver  hook  as  shown,  and  is  clamped  in  any  posi- 
tion desired,  by  the  screw  w  and  check  nut  n. 

The  coil  frame  f  (for  details  see  Figs.  +.  5  and  *i)  is  made  from 
thin  sheet  copper,  worked  over  a  form   into  a  light  rectangular 
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frame  with  flanged  edges  to  form  a  groove  into  which  the  wire 
i8  wound.  The  thinnest  kind  of  thin  copper  is  used.  It  forms  t 
thin,  light  and  yet  rigid  frame,  the  flanged  sides  greatly  stifiening 
it.  Such  a  frame  may  be  made  from  silver,  or  from  aluminium, 
with  probably  as  good  results.  This  frame  is  wound  full  of  No. 
40  double  silk  covered  copper  magnet  wire,  and  has,  in  this  in- 


FiG.  4. 


Fic.  5.      Fig.  6. 


Fig.  7. 


Fi(i.  ^. 


Fig.  9. 


stance,  a  resistance  of  275  ohms.     Other  windings  can,  of  cou 
be  used,  depending  upon  the  use  for  which  the  instrument 
intended. 

The  supports  for  this  coil  frame  are  two  small  silver  hooks,  th 
upper  one  long  enough  to  fonu  a  8upi)ort  for  the  mirror  m. 
the  end  of  each  of  these  hooks  a  light  plate  of  copper  is  fasten 
(see  Fig.  9),  and  by  these  plates  the  liooks  ai'e  secured  to  th 
frame,  as  shown  in  Fig.  7,  by  a  winding  of  waxed  silk ;  a  thin 
plate  of  mica  insulates  the  plates  from  the  windings  of  the  coil. 


A 


xna: 


\ 


ja 


^^ 


Fic.  10.    (One-Half  Actial  Sizk.)  ^ 

After  the  hooks  are  accurately  a<ljii8ted  so  as  to  coincide  with  the 
true  axis  of  the  frame,  and  firmly  secMired,  the  ends  of  the  coil 
wire  are  made  fast,  one  end  to  each  hcx^k,  so  that  the  hooks  form 
the  true  terminals  of  the  coil. 

The  mirror  is  supported  in  a  very  light  ring  of  brass,  as  shown 
in  Figs.  7  and  8.     This  ring  has  a  shoulder  within  it  that  holds 
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nirror  from  fallitig  out  at  the  front,  while  a  piece  of  very 
:  thin  tnbing  is  soldered  carefully  across  the  back,  in  fine 
lies  filed  out  of  the  ring  to  receive  it,  and  holds  the  mirror 
rely.  The  wire  of  tlie  upper  hook  fits  this  tubing  friction 
■  y  before  bending  the  wire  to  the  hook  form  the  mounted 
or  is  slipped  upon  it  by  its  tube,  and  the  hook  is  then  formed, 
friction  of  the  tube  on  tlie  wire  holds  the  mirror  frame  se- 


y  and  yet  allows  it  to  l>e  adjusted,  if  necessary,  to  any  re- 

4  angle,  with  or  in  the  trne  plane  of  the  eoil  frame. 

05  mounting  was  adopted  after  many  others  Iiad  been  tested 
■ejected.  Cementing  the  mirror  upoTi  the  wire  is  a  clumsy 
od  that  may  result  in  the  ruin  of  the  mirror  by  palling  off 
malgam  or  by  distortion  due  to  the  strains  set  up  by  the 
igcement.    These  nnrn)rs  are  wj  thin  and  flexible,  and  distor- 
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tion  is  ijo  easily  done,  that  care  must  be  exercised  io  keeping  thetn 
free  from  strain,  so  as  to  preserve  a  plane  mirror  and  a  tme  image. 
This  mounting  is  light  and  yet  rigid,  and  holds  the  mirror  per- 
fectly true,  with  no  distortion ;  the  bright  brass  ie  made  black 
with  platinum  chloride,  so  as  to  prevent  any  false  image  or  glit- 
ter from  the  frame.  This  mounting  also  brings  the  mirror  cl(i« 
in  against  tlie  suspension,  so  that  its  deflection  affords  a  very 
close  approximation  to  the  true  deflection  of  the  coil.     By  strict 


principles  the  axis  of  the  suspension  should  pass  through  the 
mirror,  and  a  suspension  frame  for  the  mirror  can  be,  and  has 
been  made  to  secure  this.  But  in  this  particular  case,  since  the 
carrenthas  to  flow  through  the  suspension,  the  simpler  and  more 
direct  the  flow  the  better,  and  the  error  introduced  ie  so  insignifi- 
cant that  it  can  be  neglected. 

The  eyiinder  d  is  of  soft  iron,  and  the  softer  and  porer  it  is 
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the  better.  It  is  permanently  secured  to  the  upright  u  by  tlie 
small  brass  ann  sliown  in  Figare  8.  It  should  ))e  solid  and  not 
a  tube,  as  in  a  good  many  instruments,  as  it  thus  has  much  greater 
permeance,  more  lines  of  force  are  drawn  in,  and  the  field  of 
force  between  it  and  the  limbs  of  the  magnet  becomes  greatly 
strengthened.  Since  it  is  in  this  field  of  force  that  the  coil  is  to 
turn,  it  naturally  follows  that  it  should  be  made  as  intense  as 
possible. 

As  shown  in  Fig.  2,  the  coil  frame  is  suspended  between  the 
top  hook  at  T  and  the  bottom  hook  upon  the  tension  spring  s. 
It  should  swing  freely  in  the  space  between  the  magnet  poles 
and  the  cylinder  d,  without  rubbing  or  striking.  The  leveling 
screws  are  provided  to  permit  of  proper  adjustment  to  secure 
tliis  free  swing,  as  the  suspension  wire  is  so  light  that  it  has  not 
enough  rigidity  to  hold  the  frame  true  if  the  instrument  is  out 
of  level,  and  the  frame  will  then  sag  to  one  side  and  strike  or 
rub  against  the  cylinder  or  magnet.  If  properly  leveled  the 
frame  has  a  clear,  free  swing.  When  deflected  far  enough  it  will, 
of  course,  bring  up  on  the  support  of  the  cylinder  d  ;  but  this 
cannot  be  avoided,  and  such  a  deflection  is  away  beyond  the 
usual  and  proper  use  of  the  instrument. 

The  interior  of  the  case  is  made  a  dead  black,  the  same  as  the 
interior  of  telescope  tubes ;  no  light  is  reflected  except  by  the 
mirror,  and  a  clear,  sharp,  well-defined  image  of  the  scale  is  the 
consequent  result. 

The  wire  used  for  the  suspension  is  of  the  utmost  importance ; 
upon  this  depends  in  a  great  measure  the  "  dead  beat "  qualities 
of  the  instrument.  For  such  a  coil  as  that  described,  wire  as 
tine  as  .003  in.  was  used,  and  a  true  "  dead  l>eat "  galvanometer 
was  the  result.  This  wire  is  strong  enough  to  hold  the  mirror 
and  frame  under  proper  tension,  so  that  the  torsion  of  the  wire 
will  bring  and  hold  the  mirror  at  zero,  and  yet  it  is  so  light  that 
the  feeblest  kind  of  a  current  will  produce  an  appreciable  deflec- 
tion. For  coils  of  other  windings,  heavier  wire  may  possibly  be 
used,  but  as  the  writer  wanted  a  very  delicate  and  yet  "  dead 
beat "  instrument,  it  was  made  as  described,  and  after  severa] 
sizes  of  wire  for  the  suspension,  down  as  fine  even  as  No.  32, 
were  tried  and  did  not  give  good  "  dead  beat "  results,  the  finest 
wire  ordinarily  obtainable,  i,  e,  .003  in.  diameter  was  tried  and 
all  the  troubles  vanished.  Now  the  mirror  swings  smoothly  and 
truly  up  to  its  deflection  and  stops  without  a  quiver,  and,  when 
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a  short-circuiting  key  is  used  to  break  the  current  from  the  b-at 
tery  or  other  source,  it  swings  back  to  zero  and  stops  there  dead, 
without  quiver  or  oscillation. 

The  circuit  through  the  instrument  is  from  one  binding  post 
through  a  heavy  wire  to  the  foot  of  the  upright  u;  thence 
through  this  to  tlie  upper  hook  and  suspension  wire  to  the  coil, 
through  the  coil  to  the  lower  suspension  wire  to  hook  and  ten- 
sion spring,  and  tlience  by  another  wire  to  the  other  binding 
post.  The  foot  of  the  upright  and  the  tension  spring,  are  there- 
fore the  true  terminals  of  the  instrument,  and  should  be  insu- 
lated from  each  other  perfectly.  The  binding  posts  can  be  any- 
where convenient,  so  long  as  they  are  also  insulated  from  each 
other. 

It  should  be  plain  that  in  this  instrument  we  have  the  ordinary 
galvanometer  reversed.     The  needle  is  replaced  by  the  powerful 
fixed  magnet,  while  the  coil  is  movable.    Since  the  field  of  force 
of  the  magnet  is  so  strong  as  to  be  practically  independent  of  the 
earth's  field  of  force,  we  can  use  the  galvanometer  in  any  posi- 
tion independent  of  the  magnetic  meridian.    For  its  most  ddi 
cat*"  \ise^  however,  it  should  be  set  up  so  that  the  plane  of  tht 
magnet  lies  in  the  magnetic  meridian  with  the  poles  in  propei 
relation  to  the   north  and  south  ;  the  earth's  field  of  force'  thei 
reinforces  that  of  the  magnet,  and  adds  to  the  power  of  the  in- 
strument. 

Since  this  is  an  instrument  bv  itself,  none  of  the  known  laws— ^ 
will  probably  apply  exce])t  the  general  law  that  for  s7naU  deflec- 
tions the  current  strengths  may  be  taken  to  be  proportional  to 
the  angles  of  deflection.  We  can  determine  its  "constant"  or 
deflecting  current  necessary  to  produce  a  deflection  of  one  scale 
division,  and  then  use  this  constant  ever  afterwards  (for  the 
same  distance  of  t/te  scale  from  the  mirror)  to  determine  the 
strengths  of  other  currents  producing  other  deflections. 

For  laboratory  work  the  galvanometer  and  telescope  would 
probably  be  j^ermanently  set  up,  with  some  convenient  fixed  dis- 
tance between  them  ;  the  constant  once  determined  becomes  then 
the  true  constant  forever  afterwards. 

When  used  a«  a  portable  instrument,  however,  the  distance 
from  mirror  to  scale  may  not  always  be  kept  the  same.  In  this 
case  the  constant  nmst  be  determined  for  each  position  of  the 
telescope  and  scale ;  but  this  is  very  simply  done,  and  need  cause 
no  great  delay  or  trouble. 
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As?  a  specimen  of  the  delicacy  of  tlie  instrument  as  used  with 
a  reading  telescope^  the  writer  has  frequently  seen  a  deflection, 
when  balancing  resistances  by  the  Wheatstone  bridge  method, 
thort  did  not  uncover  the  cross-hair  of  the  eye-piece  completely 
from  tlt4>  zero  line  of  the  seeds.  The  cross-hair  is  a  fine  spider 
web,  so  fine  that  it  can  hardly  be  seen  with  the  naked  eye,  and 
the  lines  upon  the  scale  are  as  fine  as  they  can  be  printed  from 
an  engraved  plate,  yet  they  did  not  completely  separate  from 
true  coincidence ;  the  slight  movement  of  the  scale  was  percepti- 
ble but  of  course  could  not  be  measured.  This  movement  yet  in- 
dicated that  a  true  balance  had  not  yet  been  obtained,  for  finally  it 
would  disappear  and  the  mirror  haug  dead  still  upon  further  ad- 
justment of  the  resistances.  This  shows  how  sensitive  the  instru- 
ment is,  and  how  closely  ice  can  see  the  slightest  suspicion  of  de- 
jlecti'ON  when  using  a  reading  telescope.  Resistances  adjusted 
down  to  absolute  zero  of  the  mirror's  movement  mav  be  taken  as 
pretty  closely  measured,  nmch  closer  than  is  possible  with  any 
ordinary  galvanometer,  and,  as  the  writer  believes,  much  closer 
than  can  possibly  be  done  with  lamp  stand  and  scale,  even  with 
the  best  of  dark  closets. 

The  one  great  objection  to  this  galvanometer  is  its  want  of 
ready  portability ;  admirably  adapted  as  it  is  for  all  kinds  of 
measurements  with  the  utmost  delicacy,  even  in  the  dynamo 
room,  in  proximity  to  dynamos  in  action,  it  yet  is  not  readily 
transported  and  set  up,  owing  to  the  delicacy  of  the  suspension ; 
it  will  stand  a  considerable  handling  without  injury,  but  yet  there 
is  much  to  be  desired  to  render  it  absolutely  portable  and  free 
from  any  liability  to  injury  in  transportation,  and  quickly  avail- 
able, without  any  tedious  adjustment  being  necessary,  when  set 
up  wherever  required. 

The  Weston  voltmeter  and  ammeter  is  such  an  adaptation, 
these  instruments  being  the  simple  D'Arsonval  galvanometer  in 
another  form,  and  specially  constructed  and  graded  for  special 
work ;  though  they  are  most  admirable  and  accurate,  and  can  be 
used  for  all  kinds  of  measurements,  they  yet  leave  something  to 
be  desired,  in  that  they  read  by  index  and  not  by  mirror,  and 
hence  extreme  refinement  of  reading  becomes  impossible.  With 
a  yiew  to  meeting  this  requirement  the  following  described  instru- 
ment has  been  devised  and  is  now  in  process  of  construction : 
(See  Figs.  13  to  17,  which  are  drawn  to  scale  half  size.) 

The  magnet  is  made  circular  and  compound  with  soft  iron  pole- 
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pieces,  similar  to  the  arrangement  in  the  Pitkin  form  of  D' Ar- 
son val  instrument;  but  in  place  of  the  wire  suspension  of  that 
instrument  the  steel  pinion  and  pivoted  centres  of  the  Weston 
form,  with  the  double  hair  springs,  is  adopted. 

The  coil  may  be  the  flat  coil  of  the  Pitkin  instrument,  or  it 
may  be  the  rectangular  coil  as  generally  used.  If  the  flat  coil 
is  used,  the  mirror  can  be  attached  to  the  coil ;  with  the  rectan- 
gular coil  the  mirror  frame  is  set  within  the  rectangle  as  shown; 
in  both  cases,  of  course,  the  mirror  turns  with  the  coil.  A  win- 
dow, as  shown,  is  provided  in  the  case,  to  allow  the  movements 
of  the  mirror  to  be  observed.  This  window  can  have  a  brass 
cap  or  cover  to  slip  on,  to  protect  the  glass  in  transportation. 

The  bottom  and  top  of  the  case  are  of  hard  rubber,  the  side 
of  the  case  is  thin  brass  tubing  ;  in  the  case,  in  the  space  within 
the  bend  of  the  magnet,  a  set  of  shunt  coils  may  be  inserted, 
with  terminal  blocks  on  the  top  of  the  case ;  the  binding  posts 
are  upon  the  top,  and  a  short-circuit  may  be  provided  as  shown. 

Where  the  rectangular  coil  is  used,  an  iron  core  can  be  still 
put  in  inside  the  frame  of  the  coil,  being  cut  away  as  shown  to 
allow  the  mirror  to  have  room  to  swing.  This  really  makes  this 
iron  core  in  two  pieces,  yet  it  contains  a  large  mass  of  iron,  and 
helps  to  strengthen  the  field  of  force  in  which  the  coil  swings ; 
the  field  of  force  is  kept  symmetrical  l>y  the  shape  given  to  the 
pole-pieces,  so  that  the  lines  of  force  are  evenly  distributed  from 
front  to  rear,  and  the  coil  remains  in  practically  a  constant  field 
during  its  entire  swing.  The  cutting  away  of  the  poles  each 
side  of  the  mirror  is  to  allow  the  scale  to  be  still  reflected  from 
the  mirror  after  large  deflection. 

We  then  have  a  neat,  compact  and  readily  ])ortable  instrument^ 
whose  readings  should  be  as  fine  and  delicate  as  one  may  desire. 
Since  the  beam  of  light  weighs  nothing,  and  can  be  made  almost 
as  long  as  one  chooses,  within  reasonable  limits,  it  should  be  evi- 
dent how  greatly  the  scale  is  magnified,  and  how  fine  and  close 
the  readings  may  be.  The  writer  may,  perhaps,  l)e  pardoned  if 
he  illustrates  this  point  a  little  more  fully. 

Galvanometers  with  indices  must  have  a  very  finely  graduated 
scale  to  read  closer  than  one-fourth  of  a  degree  ;  the  average  will 
not  read  closer  than  one-half  degree  ;  fine  readings  are,  there- 
fore, impossible  as  a  certahiftj^  particularly  when  the  tremble  and 
quiver  of  a  finely  pwised  needle  and  index  are  considered.  The 
Weston  instruments  are  of  this  class,  and,  although  they  can  he 
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cwaely  read  hy  estiynatiorij  we  are  not  certain  of  the  reading, 
LOUgh  perhaps  we  can  read  close  enough  for  the  general  work 
)r  which  they  are  used. 

With  a  mirror,  scale  and  fine  reading  telescope  we  have  an 
idex  that  is  imponderable,  and  about  as  long  as  we  choose  within 
^asonable  limits.  The  scale  being  graduated  to  millimetres  is 
isily  read  at  a  distance  of  3,000  scale  divisions,  a  little  over  ten 
^t ;  the  writer  has  frequently  used  a  telescope  at  a  distance  of 
velve  feet,  the  distance  being  only  limited  by  the  size  of  the 
)om,  and  not  by  any  difficulties  in  reading  the  scale. 

At  this  distance,  then,  a  deflection  of  one  millimetre,  easily 
jcnrately  read,  means  a  tangent  of  ^^^^^  or  .000333,  correspond- 
ig  to  an  angle  of  about  one  minute  of  arc,  and,  as  this  is 
le  tangent  of  twice  the  actual  angle  of  displacement  of  the 
lirror,  we  see  that  the  mirror  has  actually  moved  about  one-half 
linute  only. 

We  can  read  this  small  angle  positively  '  by  estimation  we  can 
3ad  one-half  of  a  scale  division,  or  our  scale  can  be  graduated 
)  half  millimetres,  and  we  can  read  that  deflection  positively  ; 
ence,  we  see  that  we  can  read  down  much  finer,  and  with  more 
ositive  exactness,  than  can  be  done  by  any  other  method,  a  move- 
lent  of  the  mirror  being  visible  in  the  telescope  that  could 
ardly  be  detected  with  the  unaided  eye,  and  that  would  be  im- 
erceptible  if  an  index  had  been  used. 

In  conclusion,  the  writer  would  say  that  he  hopes  the  modifi- 
ations  of  the  instrument  as  described  may  be  found  of  value  and 
se.  So  far  as  he  knows  they  are  original,  and  are  not  protected 
y  any  patents ;  any  one  should  be,  therefore,  free  to  construct 
nd  use  such  instruments,  and  if  any  one  so  does,  and  gets  as 
luch  satisfaction  from  their  use  as  has  been  his  good  fortune, 
lie  writer  will  be  fully  satisfied. 

While  upon  the  subject  of  measuring  instruments,  though  not 
xactly  pertinent  to  the  instrument  described,  the  writer  would 
eg  leave  to  invite  attention  to  some  action  being  necessary  to 
ry  and  induce  instrument  makers  to  be  more  complete  in  the 
ata  that  is  furnished  with  their  instruments,  which  data  can  only 
e  accurately  determined  by  the  maker  during  process  of  manu- 
Etcture,  and  which,  if  not  then  made  of  permanent  record,  for- 
ver  after  can  only  be  arrived  at  approximately  by  experiment. 
luch  data,  carefully  and  permanently  recorded,  would  often- 
mes  enhance  the  value  of  the  instrument  more  than  the  extra 
ost  from  the  extra  trouble  could  possibly  amount  to. 
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Reference  is  here  made  to  the  various  makers  of  tangent  gal- 
loaaeters  as  requiring  such  attention  to  the  data  of  their  con- 
iction,  etc.,  as  is  shown  by  the  following : — 


Fig.  14. 


^e  writer  has  seen  more  than  one  fine  standard  tangent  gal- 
ometer  of  the  Western  Union  pattern  about  wliich  there  wa» 
nf  onnation  or  data  to  be  had  as  to  the  71  umber  of  turns  of  wire 
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in  each  coil.,  or  their  mean  radii.  Similarly,  Helmholtz-Gaugun 
galvanometers  have  heeneeen  and  used  hyhiin  that  were  lacking 
in  this  same  important  data.     These  instruments  were  all  high' 


inplarr,  anit  fmlm 


grade,  costing  from  $125  to  $175  each,  ant!  yet,  for  want  of  data 
that  could  hare  been  recorded  permanently  by  the  maker  at  but 
slight  additional  expense,  that  could  only  be  used  poHtively  and 
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QhsohitHy  for  the  relatwe  strengtlis  of  currents,  except  by  call- 
crating  them  absolutely  by  reference  to  some  other  instrument 
;hat  had  an  absolute  calibration: 

The  writer  well  remembers  a  long,  tedious  and  delicate  series 
>f  experiments  he  was  called  upon  to  perform,  to  try  and  work 
backwards,  and,  from  the  absolute  strengths  as  shown  by  a  cop- 


FiG.  16.     Plan  of  Cai'  Carrying  Jewkled  Centre. 

3er  voltameter,  to  determine  the  turns  of  wire  upon  a  coil,  so 
;hat  the  instrument  could  afterwards  be  used  in  accordance  with 
:he  formulse  for  its  use  in  measuring  the  absolute  strength  of 
currents.  Necessarily  the  experiments  were  unsatisfactory,  and, 
ift^r  its  determination,  the  number  of  turns  as  deduced  was  un- 
•cliable. 


Fir..  17.     Section  and  Elevation  Showing  Coil  Frame,  Mirror  and  Cap. 


The  formulae  for  the  use  of  tangent  galvanometers  in  this  man- 
ner contain  the  following  quantities  as  necessary  to  know : 
n  =  number  of  turns  of  wire  in  coil  or  coils  in  use. 
r  =  means  radius  in  centimetres  of  the  coil  or  coils  in  use. 
d  =  distance  of  centre  of  coil  from  centre  of  needle  in  centime- 
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tres  (for  use  in  sliding  coil  tangent  instmments,  such  a« 

the  Edelraan  and  others). 
J7=  horizontal  component  of  the  earth's  magnetism  at  the  place 

of  observation  (to  be  determined  by  experiment  and  does 
not  necessarily  become  data  for  any  particular  instrument 
except  for  a  fixed  locality). 
It  will  be  seen  that  the  reHhtanee  of  the  calls  or*  of  the  instru- 
ment is  7iot  required.     Yet  we  find  resistance  carefully  meas- 
ured and  recorded  and  much  more  important  data  completely 
omitted. 

On  foreign,  and  particularly  German  instruments,  we  gener- 
ally find  all  this  data  given,  and  centimetre  scales  properly  ar- 
ranged to  measure  d  when  the  coil  is  moved  away  from  the 
needle  to  any  position.  But  I  have  yet  to  see  any  uniformity  in 
this  respect  with  American  made  instruments,  hence  my  com- 
ments as  above. 

We  all  know  that  if  we  know  certain  (juantities,  very  hard  to 
know  or  to  keep  constant,  we  can  find  the  strength  of  current 
giving  any  deflection  by  the  application  of  Ohm's  law.  But, 
though  we  may  know  the  exact  external  I'eswtance  in  circuit  by 
careful  measurements,  do  we  know  for  a  dead  certainty  what 
the  battery  or  other  generator's  internal  resistance  may  be  from 
time  to  time  as  we  use  it  i  Can  we  be  positively  sure  of  the 
E.  M.  F.  of  our  source  of  current  i  Until  we  can  be  certain  of 
these  two  changeable  and  ever  changing  quantities  we  cannot 
be  certain  of  the  current  strengths  as  given  by  Ohm's  law; 
hence,  the  great  desirability  for  use  of  the  general  formulae, 
into  which  e.  m.  f.  and  batterv  or  other  resistance  does  not 
enter,  and  the  great  need  for  the  furnishing  of  the  proper  data 
by  instrument  makers  to  enable  us  to  use  these  formulae. 
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Discussion. 

Mr.  Willtoung  : — The  author  has  endeavored  to  cover  a 
great  many  points  in  his  paper.  The  first  point  he  takes  up 
seems  to  be  with  respect  to  the  merits  of  the  two  systems  of 
reading  reflecting  galvanometer  deflections.  As  he  says,  that  is 
a  matter  of  opinion.  It  depends  on  the  particular  case.  For 
many  cases  I  think  the  lamp  stand  and  scale  to  be  vastly  superior 
to  the  telescopic  method.  In  cable  testing  work,  a  man  wants  to 
manipulate  his  instrument.  If  he  is  located  behind  the  telescope 
it  is  not  easy  to  do  it.  Not  only  that,  but  if  a  person  is  going  to 
make  a  large  number  of  observations,  as  happens  to  be  a  neces- 
sity in  many  commercial  enterprises,  the  continued  daily  use  of 
the  telescope  becomes  exceedingly  hard  on  the  eye.  I  have  a 
number  of  men  who  are  doing  that  right  along,  and  almost  with- 
out exception  they  have  to  wear  glasses,  and  their  right  eye  has 
become  very  different  from  their  left  eye.  Of  course,  the  ques- 
tion of  the  sensibility  that  is  required  has  something  to  do  with 
it.  You  can  certainly  read  finer  with  the  telescope  and  scale, 
than  with  the  lantern  and  scale.  But  there  are  very  few  purposes 
for  which  galvanometers  are  used  for  which  that  exceeding  fine- 
ness is  required. 

In  one  place  here  on  page  279  Lieutenant  Parkhurst  says  that 
he  has  frequently  seen  a  deflection,  when  balancing  resistances  by 
the  Wheatstone  bridge  method  that  did  not  uncover  the  cross- 
hair of  the  eye-piece  completely  from  the  zero  line  of  the  scale, 
and  then  he  goes  on  to  intimate  that  resistances  can  be  more 
closely  measured  on  account  of  that  fact.  That  is  a  great  mis- 
take, as  instruments  are  made,  because  there  are  other  conditions 
which  would  prevent  the  adjustment  of  anv  resistance  with  any 
respectable  galvanometer  to  the  closeness  indicated  by  a  deflec- 
tion of  that  size.  A  galvanometer  which  has  a  constant  of  500 
megohms,  that  is  one  which  with  one  volt  upon  a  scale  at  a 
metre's  distance  will  give  a  deflection  of  one  millimetre  through 
500  megohmp,  is  not  a  galvanometer  of  very  high  sensibility.  It 
is  very  easily  obtained.  If  you  are  comparing  coils  of  a,000 
ohms  each  with  such  a  galvanometer  you  will  get  a  swing  of  20 
to  25  centimetres  for  a  variation  of  but  j^^  of  one  per  cent. 
You  do  not  need,  therefore,  any  such  fine  deflections  as  Lieut. 
Parkhurst  speaks  of. 

This  description  of  the  D'Arsonval  galvanometer  starts  off  with 
the  insinuation  that  manufacturers  do  not  understand  what  a 
good  D'Arsonval  galvanometer  is.  The  glass  shade  spoken  of  is 
still  clung  to  by  manufacturers  for  the  simple  reason  that  tlie 
galvanometer  is  a  historical  article,  and  there  are  a  great  many 
people  who  want  exactly  that  instrument.  That  form  of  galvan- 
ometer is  very  much  inferior  to  other  forms  of  D'Arsonval  gal- 
vanometers which  are  not  worth  half  so  much  money.  But,  as  I 
say,  a  great  many  manufacturers  cling  to  it  because  of  its  histori- 
cal value,  and  possibly  because  they  have  not  poated  t\\ev\\%Q\\^'e> 
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up  aB  to  what  has  been  done  since.  I  have  an  illnBtnitioD  here 
01  a  fi:alvanometer  made  in  that  way  [exhibiting  a  tube  shown  in 
Fig.  1].  You  see  that  the  mirror  is  as  shaded  as  any  one  desires. 
The  mirror  lies  right  behind  this  hole. 

I  do  not  see  that  the  author  claims  to  hare  any  partioDlarlT 
new  modification  of  the  D'Arsonval  galvanometer.  What  he  u 
endeavoring  to  do  is  to  obtain  a  very  sensitive  galvanometer  and 


a  very  porCablu  one,  Hud  lie  duos  it  by  using  spiral  springs.  Ton 
cannot  begin  to  get  as  eensitive  a  galvanometer  by  the  nse  of  a 
spiral  spring  as  with  a  suspension.  This  galvanometer  will  not 
begin  to  give  such  good  results  as  the  galvanometer  which  the 
author  has  first  described.  A  galvanumeter  suspended  in  pivots 
has  a  friction  error  that  cannot  be  gotten  rid  of  perfectly,  and 
iliat  would  prevent  it  from  being  a  very  sensitive  instrument,  and 
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1  the  second  place  tlie  torsion  of  those  spiral  springs  is  very 
mch  greater  tlian  a  snspension  of  the  orthodox  character.  His 
)il  is  wound  on  a  copper  form.  Tliis  copper  form  was  patented 
y  Mr.  Weston  in  1888  and  is  owned,  I  believe,  by  the  Weston 
llectrical  Instrument  Co. — was  originally  used  by  Mr.  Weston,  I 
elieve,  and  I  have  no  doubt  could  be  used  for  experimental  pur- 
oees,  but  certainly  is  not  new  with  Lieut.  Parkhurst.  In  lact, 
lis  identical  galvanometer,  very  similar  to  its  present  shape  with 
le  exception  of  the  shuni  coils  not  being  inside,  was  made  in 
SS4  by  Carpentier,  and  is  illustrated  in  an  issue  of  LaLumiere 
^le^trique  for  that  year.  I  do  not  suppose  Lieut.  Parkhurst  has 
rer  seen  it.  Examples  of  independent  invention  are  very  com- 
lon.  I  might  say  aoout  this  portable  form  that  there  is  another 
efect  about  it,  if  he  is  endeavoring  to  obtain  high  sensibility, 
nd  that  is  his  magnets  are  separated  by  spaces  equal  to  the  thicK- 
ess  of  the  magnets  themselves.  Of  course,  he  gets  half  the 
rength  of  the  magnetic  field  that  he  would  get  if  the  magnets 
ere  solid. 

I  have  a  print  of  a  galvanometer  here — the  galvanometer  with 
hich  this  tube  goes  and  I  will  just  pa^s  it  around  for  inspection. 
Ul  these  details  can  be  studied  in  Fig.  1.)  You  will  see  the 
agnets  are  laminated,  but  they  are  laid  right  on  top  of  one  an- 
her.  These  magnets  are  punched  from  the  best  English  steel, 
inched  with  a  die.  They  are  laid  one  on  top  of  the  otner.  We 
>t  the  maximum  strength  of  field.     The  shape  of  the  coil  also 

that  galvanometer  has  been  shown  by  Ayrton  and  Mather  and 
veral  others^  to  be  a  shape  that  is  not  adapted  to  the  highest 
nsibility.  The  coil  as  used  in  that  illustration  is  rectangular  in 
nil.  Now  this  wire  lying  horizontally,  top  and  bottom,  is  dead 
ire,  of  absolutely  no  use  in  producing  deflection.     The  moment 

inertia  of  that  coil  is  greatly  increased  by  making  it  in  that 
ape.  It  has  been  completely  shown  mathematically  (in  the 
tide  just  quoted)  and  practically,  that  the  proper  shape  of  the 
a\  is  more  like  this — a  very  narrow  coil  the  cross-section  of 
liich  should  be  two  circles  and  I  verified  that  practically. 

Now  with  reference  to  making  a  very  sensitive  D'Arsonval  gal- 
Lnometer  portable,  the  usual  difficulty  of  course  has  been — and 

the  instrument  first  described  that  difficulty  exists — that  with 
e  coil  hanging  by  a  snspension  it  is  uttcrlj^  impossible  to  hold 
e  coil ;  it  will  break  away  and  break  the  suspension.  The  gal- 
mometer  illustrated  by  the  blne-prin:  (j?hown  in  Fig.  1)  is  aper- 
etly  portable  instrument  and  yet  it  has  maximum  sensibility. 

tube  contains  the  suspension  and  the  coil.  The  coil  hangs  in 
>e  lower  portion  of  the  tube,  and  there  is  a  suspension  from  the 
p  of  the  tube  to  the  coil,  and  a  very  light  elongated  spiral  spring 

tiie  bottom.  Inside  of  the  tube,  above  and  below  the  coil  are 
couple  of  flanges  (seen  in  the  tube  at  the  bottom  of  Fig.  1.) 


1.  London  Electrician,  April  llth,  1890. 
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At  the  bottom  is  another  tube  inside  this  outer  tube  held  there 
by  friction  ;  the  lower  flange  is  on  the  inside  tube.  When  you 
want  to  transport  the  instrument  or  change  its  position  all  that  is 
necessary  to  ao  is  simply  to  slide  this  inside  tube  up  and  the  coil 
is  raised,  the  tension  is  taken  off  the  upper  suspension  and 
the  coil  is  securely  clamped  for  transportation.  1  might  say 
that  this  idea  of  clamping  the  coil  is  not  strictly  original  with  me. 
It  was  done  by  Professor  Ayrton  in  a  slightly  different  manner. 
In  Professor  Ayrton^s  instrument  there  was  a  hole  in  the  side  of 
the  tube  and  a  plug  went  into  the  hole;  the  coil  was  not  raii>ed, 
however,  but  was  simply  pushed  to  one  side  leaving  the  tension 
still  upon  the  suspension  which  was  thus  liable  to  be  broken. 

As  regards  suspensions,  we  have  used  as  fine  as  one  mil  wire 
rolled  down  into  strips,  the  width  of  the  strip  being  five  or  six 
times  its  thickness  making  an  exceedingly  delicate  instrument, 
which  makes  it  very  easy  on  the  500-ohm  instrument  to  get  a 
constant  of  1,000  megohms. 

The  question  of  damping  with  this  instrument,  is  a  question 
that  can  be  regulated  to  any  extent  you  like,  to  satisfy  yourself. 
The  damping  is  produced  by  means  of  this  tube,  which  is  of 
aluminium,  very  light,  in  which  the  coil  itself  is  contained.  The 
whole  tube  is  rigidly  fixed  to  the  coil,  and  any  desired  damping 
can  be  prodnced  by  merely  cutting  a  slot  in  the  side  of  the  tube 
to  prevent  the  induced  currents ;  this  one  has  been  slotted  as  you 
see  and  the  desired  damping  has  been  prodnced. 

There  is  one  very  important  point  in  connection  with  galvanom- 
eters of  this  type  which  I  have  not  seen  touched  upon  anywhere. 
The  author  says  that  th^  constant  of  such  a  galvanometer  once  set 
up  is  invariable.  Of  course  everybody  knows  that  that  means — 
if  the  magnet  does  not  change.  The  magnet  will  change.  But 
that  is  not  the  point  I  was  going  to  bring  out.  The  tension  of 
the  suspension  is  a  very  important  factor  in  determining  the  sen- 
sibility of  the  D'Arsonval  galvanometer.  You  can  vary  the  sensi- 
bility by  40^  or  50^^  by  merely  changing  the  tension  with  which 
that  coil  is  suspended  in  the  magnetic  field,  and  consequently 
the  constant  is  liable  to  daily  changes  produced  by  the  difference 
in  the  coetRcient  of  expansion  between  the  supports  for  the  coil, 
and  the  suspension  itself.  There,  by  the  way,  is  the  form  on 
which  the  coils  are  wound  for  ballistic  purposes  where  no  damp- 
ing is  desired.  [Showing  a  boxwood  cylinder  grooved  upon  the 
sides  to  receive  tlie  wire.] 

Just  one  further  point  with  respect  to  the  author's  remarks 
about  manufacturers  not  furnishing  sutiicieni  data  with  instru- 
ments. That  is  a  very  important  thing,  and  as  a  representative 
of  a  manufacturer  1  caimot  allow  that  to  go  unnoticed.  1  have 
probably  seen  as  many  imported  instruments,  if  not  more,  than 
any  other  man  in  the  United  States.  A  large  percentage  of  all 
the  instruments  imported  into  this  country  I  have  seen,  and  I  can- 
not remember  more  than  three  or  lour  cases  in   which  a  foreign 
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instrnment  was  accompanied  by  data.     Yon  nsually  have  to  write 
and  get  it  if  you  want  it.     Often  when  you  do  get  it,  it  is  not  the 
correct  data.     I  remember  a  tangent  galvanometer  imported  from 
Oermany  when  I  was  at  college.     We  had  the  data  given,  but  it 
was  utterly  impossible  to  verify  it.      The  only  conclusion   we 
could  form  was,  that  the  data  were  erroneous  by  20  or  25  per 
cent.     However,  instruments  of  precision  in  this  country,  so  far 
as  I  know,  are  accompanied  by  all  the  necessary  data.     I  should 
hardly  call  the  Western  Union  type  of  galvanometer  an  instru- 
ment  of  precision.     It  never  was  intended  for  an  instrument  of 
precision,  but  was  merely  intended  for  testing  in  telegraph  work 
and  work  of  a  similar  character,  and  nobody  expects  to  get  an  in- 
strument of  precision  from  it.     It  would  be  impossible  to  con- 
struct an  instrument  of  precision  at  that  price.     It  requires  special 
skill,  and  men  to  do  that  character  of  work,  and  they  are  expen- 
sive.     But  real  instruments  of  precision  are  accompanied  by  all 
the  Decessary  data.     In   the  manufacture  of  tangent  galvano- 
meters, with  which  I  have  had  to  do,  there  are  a  certain  number 
of  turns  on  each  coil.     The  form  is  very  carefully  measured  in 
the  first  place  by  a  steel  tape  which  is  very  accurately  divided  and 
its  errors  known.     The  thickness  of  the  ta|)e  is  allowed  for^  and 
from  the  circumference  is  figured  out  the  radius.     Then  the 
radiuB  of  each  layer  is  figured  in  the  same  way,  and  from  all  the 
radii  the  mean. radius  is  obtained.     In  the  making  of  resistance 
coils,  standard  instruments  of  precision  of  all  kinds,  all  the  data 
•  are  furnished,  so  far  as  I  know.     I  have  here  a  number  of  certi- 
ficates that  I  will  just  pass  around  which  illustrates  what  I  am  re- 
ferring to.     [Passmg  certificates  around.]     For  instance  here  is  a 
certificate  that  accompanies  a  high-grade  resistance-box.     This 
certified  that  the  box  marked  as  stated  has  been  adjusted  with  a 
certain   percentage  error  at  a   certain   temperature    centigrade. 
Wire  used,  so  and  so,  having  a  coefficient  eo  and  so,  between  so 
^nd  so,  and  so  and  so  degrees  centigrade.     That  a  greater  poten- 
tial  than  so  and  so  must  not  be  used.     It  says   the   connecter 
xoinning  from  the  bridge  to  the  rheostat  plus  the  plug  contacts 
across  tJie  rheostat  measures  so  and  so.     A  good  deal  more  is  given 
than  is  necessary.     I  think  it  is  only  justice  to  American  uiann- 
faetnrers  in  general  to  say  this.     As  far  as  I  know  they  are  all 
striving  in  every  possible  manner  to  make  instruments  in  the  best 
possible  way  and  to  furnish  all  the  data  that  are  necessary  in  con- 
nection witn  instruments  and  I  think  it  is  pretty  thoroughly  dune. 
Mb.  Edwabd  Weston: — The  attention  that  has   been    called 
within  the  last  few  years  to  this  type  of  galvanometer,  commonly 
known  as  the  D' Arson val  galvanometer,  has  been  quite  inarked.   I 
think  it  has  been  the  subject  of  six  or  eight  papers  during  the  last 
few  years.     It  is  somewhat  remarkable  that  this  type  of  galvan.)iii- 
eter  received  yery  little  attention  from  its  tirst  description    by 
Maxwell   in   the  first  edition   of  his  work,  until  comparatively 
within  the  last  few  years.     It  seems  to  me  that  Maxwell desciib^aO. 
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it  very  fully  and  in  considerable  detail,  and  Deprez  and 
D'Arf^onval  took  up  the  matter  and  Beein  to  have  been  the  iirBt 
ones  to  construct  an  instrument  embodying  the  moving  coil  and 
adapted  for  use  as  a  galvanometer.  That  was  some  time  about 
the  year  1881.  I  believe;  at  least  that  is  the  date  of  the  French 
patent.  Later  on  they  made  some  attempts  to  make  a  more 
generally  useful  instrument  out  of  the  galvanometer,  and  I  think 
that  is  clearly  shown  in  two  French  patents  which  were  granted 
to  them,  one  in  1881  and  one  in  1884.  In  the  1881  instrument 
of  the  patent,  they  had  the  form  of  field  described  by  Lieutenant 
Parkhurst,  namely,  a  series  of  permanent  magnets  fastened  to- 
gether in  a  vertical  position  with  a  moving  coil  between  them, 
just  as  shown  here,  but  with  a  soft  iron  tube  in  the  centre  in- 
stead of  a  solid  core.  Such  a  type  of  instrument  is  of  very  little 
Talne,  excepting  for  use  with  a  mirror  and  scale,  or  as  a  simple 
indicator  of  the  difference  of  potential.  As  an  abeolnte  measur- 
ing instrument  it  is  of  very  little  value  indeed,  unless  it  is 
calibrated  throughout  a  very  large  length  of  movement  of  the 
•coil.  Of  course  if  the  coil  moves  a  certain  distance,  it  changes  its 
position  in  the  field  and  the  strength  of  the  field  naturally  varies 
materially,  so  that  such  an  instrument  as  that  wonld  have  to  be 
calibrated  for  a  great  many  different  positions.  Later  on 
D'Arsonval  took  out  another  French  patent  in  which  he  placed 
pole-pieces,  making  a  practically  uniform  field.  That  was,  I 
think,  in  December,  1884;  still  the  tubular  form  of  core,  and 
now  the  coil,  in  the  same  position  in  relation  to  the  field.  That. 
of  course  is  a  very  great  improvement.  I  think  Mr.  D' Arson val 
wa8  quite  some  tiine  behind  me  on  that  work.  I  have  never 
been  in  the  habit  of  saying  very  much  about  my  work  ;  I  go  on 
with  it  quietly ;  but  I  can  say  that  long  before  the  date  of  the 
patent,  1  had  such  an  instrument  in  use  and  knew  of  its  ad- 
vantages and  disadvantages.  Later  on  the  form  of  instrument 
which  is  commonly  known  as  the  Weston  voltmeter  and  Weston 
ammeter  was  brought  out  by  myself.  That  was  put  on  the 
market  in  1888.  Of  course  it  was  not  put  on  the  market  im- 
mediately when  it  was  made.  In  that  type,  this  Fame  kind  of  field  is 
employed,  and  I  believe  that  that  form  of  field,  and  that  kind  of 
arrangement  was  orij^inal  with  myself.  I  am  not  quite  sure  about 
it.  I  think  so.  But  instead  of  the  suspension,  a  pair  of  spiral 
springs  were  used  to  carry  the  current  into  and  out  of  the  coil, 
and  to  supply  the  devices  which  measure  the  forms  of  the  cur- 
rent passing  through  the  coil.  After  the  attention  of  the  world 
at  large  seemed  to  have  been  called  to  the  utility  of  this  moving 
coil,  more  especially  in  the  little  portable  instruments  tliat  were 
used  and  distributed  throughout  the  world,  a  great  deal  of  atten- 
tion  was  bestowed  upon  this  moving  coil  type  of  instrument, 
and  Mather  and  half  a  dozen  others,  and  probably  still  more, 
liave  taken  up  the  matter  and  discussed  it  from  various  stand- 
points, and  we  have  had  such  an  instrument  as  Mr.  Wiilyoung 
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has  described  here,  brought  out  by  tliem  on  the  other  side.  I  can 
scarcely  agree  with  the  remarks  of  Mr.  Willyoung  in  regard  to 
the  advantage  of  that  instrument.  I  think  if  he  makes  careful 
experiments  and  careful  tests  of  different  forms  of  coil,  he  will 
find  that  Messrs.  Ayrton  and  Perry  have  made  a  fundamental 
mistake  on  that.  That  type  of  coil  is  not  as  good  as  the  other 
type  of  coil.  It  has  some  advantages  and  it  has  some  disad- 
vantages. I  read  the  paper  twice  or  three  times  over,  because 
it  dealt  with  a  branch  of  work  to  which  I  had  given  a  great  deal 
of  attention,  and  it  seems  to  me  that  the  author  has  overlooked 
a  good  many  important  matters.  In  practical  work  an  index 
is  accurate  enough  for  an  instrument  that  is  to  be  used  to  measure 
electromotive  force  or  current  strength.  In  making  that  state- 
ment I  make  it  because  I  know  it  to  be  a  fact,  that  with  a  very 
slight  increase  in  the  length  of  the  index  over  our  regular  type  of 
iostrnment  it  is  perfectly  possible  to  get  an  instrument  that  will 
work  within  if%  of  one  per  cent.  If  a  man  can  standardize  an 
infi.rnnaent  withm  that  limit  he  is  doing  remarkably  good  work  ; 
I  think  a  good  deal  better  work  than  it  is  possible  to  do  generally. 
The  little  voltmeters  and  ammeters  which  he  mentions  are  not 
the  ones  I  refer  to.  Those  are  capable  of  being  used  to  indicate 
correctly  to  within  one-tenth  of  one  per  cent.  I  think  they  will 
\e  found  to  be,  if  not  abused,  correct  to  within  about  one-fifth  of 
'ne  per  cent.,  and  where  they  are  called  for  we  can  make  them 
orrect  within  one-tenth  of  one  per  cent,  and  a  man  with  a  little 
xperience  can  read  to  one-tenth  of  those  divisions  with  accuracy. 
find  no  difficulty  in  it.  1  have  compared  them  with  very  deli- 
ate  instruments  and  I  found  no  serious  error  in  estimating  the 
snths  at  all.  It  must  not  be  overlooked  that  with  a  mirror  and 
2ale,  the  working  angle  is  generally  very  small.  A  mirror  and  scale 
letrument  is  unquestionably  an  admirable  thing  for  the  adjust- 
lent  of  resistance.  But  for  the  measurement  of  current  strength 
nd  electromotive  force  1  think  it  is  wholly  unnecessary.  With 
[le  mirror  and  scale  as  usually  employed  the  working  angle  is 
ery  small.  On  the  other  hand,  in  a  portable  instrument  or  in- 
trunient  with  indexes,  the  working  angles  are  as  large  as  90°  and 
an  be  made  even  more  if  necessary.  So  if  you  take  a  mirror 
nd  scale  you  have  either  got  to  use  a  curve  scale  and  increase 
he  working  angle  to  gel  very  much  greater  sensibility  or  accuracy, 
nd  that  never  can  be  quite  equal  to  the  index,  due  to  the  fact 
hat  yon  cannot  move  over  one-half  the  angle  with  the  mirror  that 
on  can  with  the  index. 

I  agree  with  what  Mr.  Willyoung  says  in  regard  to  the  porta- 
»le  instrument  shown  in  this  case.  I  think  the  author  has  a  little 
lifficolty  about  how  much  travel  he  has  with  the  type  of  instru- 
nent  he  shows  here.  The  coil  is  about  three  inches  long  and 
rery  nearly  two  inches  in  diameter.  Uow  to  carry  such  a  coil 
k8  that  upon  a  pair  of  pivots  and  to  expect  to  use  it  with  a  pair 
>f  springs  which  would  ensure  extreme  sensibility  and  at  tbkA 
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same  time  alfio  ase  it  with  a  mirror,  1  tell  yon  it  requires  a  good 
deal  of  courage  to  take  that  kind  of  a  job  up.  If  any  try  it  thej 
will  find  that  they  have  got  to  throw  it  away  and  start  all  over 
again. 

One  of  the  serious  difficulties  in  making  these  portable  instru- 
ments is  to  get  the  weight  on  the  pivot  just  as  minute  as  possible. 
In  our  earlier  models  we  did  the  best  we  could  in  this  direction. 
We  made  the  coil  just  as  light  and  of  as  fine  wire  as  we  could, 
considering  the  mechanical  skill  we  had  at  our  command  and  the 
means  of  disposal  in  an  instrument  of  that  character,  for  those 
portable  instruments  require  workmanship  of  an  exceedingly 
high  degree  of  accuracy.  In  the  original  coil  the  copper  weighs 
somewhere,  as  I  remember  now,  about  45  grains.  The  coil  on 
the  instrument  made  to-day  weighs  four  grains ;  two-thousanths 
of  an  inch  wire.  We  tried  to  get  it  to  one-thousandth,  bat  could 
not  cover  it.  We  got  down  to  two-thousandths  and  succeeded 
very  well  there.  The  moving  coil,  pivot  and  all,  without  the 
index,  weigh  about  10  grains,  or  two-thirds  of  a  gramme.  The 
moving  coil  and  frame  alone  weigh  about  seven  grains.  The 
needle  weighs  about  three  grains.  It  is  made  of  aluminium  and 
made  in  the  manner  described  in  this  paper  and  has  been  made 
so  for  many  years.  I  think  there  are  vastly  better  instruments 
obtainable  than  the  one  shown  here. 

In  regard  to  the  use  of  the  mirror,  I  would  like  to  say  that  we 
have  employed  the  mirror  on  one  of  our  instruments  and  I  have 
brought  one  here.  It  was  made,  I  think,  some  time  in  1879  or 
1880.  The  scheme  of  supporting  the  mirror  is  a  great  deal  better 
one  than  that  described  in  the  paper.  The  core  is  not  cut  away 
in  the  manner  described,  which  certainly  is  a  very  detrimental 
tiling.  A  better  form  is  one  whieli  was  made  about  a  year  or  a 
year  and  a  half  ago,  shown  in  the  other  model.  There  is  no  ne- 
cessity for  cutting  away  or  removing  such  a  large  portion  of  the 
core  as  is  shown  in  the  form  described  in  the  paper. 

Dr.  Duncan  : — Mr.  Willyoung  and  Mr.  Weston  seem  to  differ 
as  to  the  best  shape  of  core.  Mr.  Willyoung  favors  having  it 
very  long  and  narrow.  Mr.  Weston  thinks  that  it  should  be 
gqnare.  There  is  the  question,  of  course,  if  the  induction  is  the 
same  in  both  cases,  tiiat  the  square  coil  is  much  better.  The 
turning  moment  depends  on  the  change  in  the  number  of  lines 
of  force  for  a  given  angle  of  deflection,  and  with  a  square  coil 
that  change  would  be  greater  for  a  given  length  of  wire  than 
with  the  other.  If  you  liave  a  long  coil  and  no  iron  core,  I 
imagine  you  can  get  inure  induction  through  a  long  coil,  but  if 
the  induction  is  the  same,  as  1  say,  the  square  coil  should  be  bet- 
ter. If  the  core  is  used,  then  I  think  Mr.  Willyoung  is  unques- 
tionably wrong  and  that  Mr.  Weston's  contention  is  true — that 
you  have  the  greater  turning  moment  with  the  square  coil. 

Mr.  Willyoung  : — 1  am  willing  to  agree  with  Dr.  Duncan  in 
that  respect.     My  remarks  on  the  galvanometer,  of  course,  were 
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applied  to  the  galvanometer  as  used  as  an  instrument  of  precision, 
that  is  to  say,  in  work  which  reonires  high  sensibility.  There  is 
no  qnestion  at  all  that  for  Mr.  Weston's  purposes  the  square  coil 
is  very  much  better  in  every  respect,  mechanically,  electrically 
and  every  other  way.  But  where  extreme  sensibility  is  required 
I  think  Mr.  Weston  will  admit  that  it  cannot  be  obtained.  I 
mean  the  kind  of  sensibility  that  is  required  in  very  exact  work, 
with  the  Wheatstone  bridge  and  measurements  of  that  kind.  It 
cannot  be  obtained  by  coils  suspended  on  pivots,  and  torsion  pro- 
duced by  springs.  It  can  only  be  obtained,  as  far  as  I  know,  by 
the  use  of  a  suspension,  and  it  cannot  be  obtained  perfectly 
enough  even  with  that.  It  is  not  possible  at  present  to  produce 
a  D^Arsonval  galvanometer  which  is  suitable  for  testing  tne  insu- 
lation of  cables  unless  the  deflection  method  is  abandoned  for  the 
x>Dden8er  method.  In  the  orthodox  method  of  testing  cables 
Ton  require  a  very  sensitive  instrument  which  has  a  constant  of 
\  good  many  megohms  and  you  get  small  scale  divisions,  of 
oarse,  because  you  require  a  sensitive  instrument  and  you  could  not 
'et  large  scale  divisions.  You  have  not  got  the  senmbUiiy  for  a 
cirge  angle.  However,  at  the  present  time,  I  do  not  know  of 
ny  D^Arsonval  galvanometer  that  has  ever  been  made  that  is 
eDsitive  enough  for  the  application  of  the  deflection  method 
o  the  testimg  of  cables  or  that  begins  to  compare  in  sensibility 
7ith  the  Thomson  galvanometer.  Professor  Ayrton  says  it  does, 
iid  he  has  some  mathematical  arguments  with  which  to  support 
is  views.  But  in  actual  practice  it  does  not.  I  have  never  seen 
ne  that  does.  I  have  never  seen  any  one  that  has  seen  one  that 
;oe8.  I  have  not  been  able  to  come  anywhere  near  to  it  myself. 
Vhat  I  have  to  say  about  the  galvanometer  applies  entirely  to  its 
ise  as  a  very  delicate  instrument.  For  commercial  purposes,  cer- 
ainly,  it  would  be  impossible  to  improve  on  Mr.  Weston's  instru- 
nent.  ^I  have  a  great  admiration  for  Mr.  Weston's  instruments, 
he  manner  in  which  they  have  been  worked  out,  and  the  beauti- 
nl  way  in  which  they  work.  tJndoubtedly  the  square  form  of 
toil,  and  his  method  of  construction  are  the  best  in  that  form  of 
nstrnment.  But  for  an  instrument  requiring  great  sensibility  I 
lave  found  by  actual  experience  with  different  instruments  that  I 
ain  get  vastly  more  sensibility  out  of  a  form  of  galvanometer 
^hich  has  an  elongated  coil. 

Dk.  Duncan: — My  contention  is  that  it  would  be  more  posi- 
tive with  a  square  coil  provided  the  induction  were  the  same  in 
^11  cases. 

Mb.  Will  young  : — Precisely. 

Pitop.  R.  C.  Carpenter  : — There  is  just  one  remark  I  would 
like  to  make  regarding  some  light  metals  which  iiiiglic  be  of  in- 
terest. During  the  last  year  we  have  been  investigating  under 
the  direction  of  Dr.  Thurston  the  physical  properties  of  a  new 
light  metal.  It  is  not  new  in  any  general  sense,  but  it  is  new  to 
OS,  and  I  do  DOt  think  its  properties  are  usually  known.     I  i^iox 
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to  tlie  metal  magneBiam.     We  find  that  it  is  in  many  reepeeU 
very  much  superior  to  aluminium.     Its  specific  gravity  is  about 
two-thirds  that  of  aluminium.     Its  strength  runs  from  18,000  to 
22,000  pounds  per  square  inch.     We  have  broken  a  great  many 
pieces  of  aluminium  and  never  yet  have  found  one  stronger  than 
12,000  pounds  to  the  square  inch.     Its  usual  strength  is  8,000  to^ 
11,000  pounds.    Magnesium  is  very  much  more  ductile  than  alu» 
minium,  and  so  far  as  we  can  determine,  it  is  not  oxidized  to  any  great 
extent  by  the  atmosphere,  certainly  not  at  temperatures  under  121 
degrees.     It  seems  to  me  that  in  looking  for  light  metals  it  i( 
well  worthy  of  attention.     At  present,  of  course,  the  price  is  fivi 
or  six  times  that  of  aluminium. 

Mb.  Weston  : — In  connection  with  that  I  would  like  to  ask  i^fc-  f 
it  is  possible  to  work  it  satisfactorily. 

Peof.  Cabpenteb  : — It  apparently  works  very  nicely,  althou^lr  ,^^^ 
we  have  had  a  good  deal  of  difficulty  in  producing  alloys.     W( 
can  alloy  it  with  one  per  cent,  of  copper  very  readily.     But  wliei 

we  pass  one  per  cent,  wo  have  difficulty.     With  aluminium  w« ^ 

can  alloy  it  readily,  and  the  alloy  of  aluminium  and  magnesiui^::::^^ 
has  double  the  strength  of  pure  aluminium. 

Mb.  Wkston  : — I  asked  that  question  because  some  time  ago        j 
undertook  to  construct  an  electrostatic  voltmeter  using  a  magn  ^^. 
sium  needle  instead  of  an  aluminium  needle.    I  obtained  a  sue^^iet 
of  comparatively  thin  magnesium,  but  it  was  not  thin  enough  f<=»r 
my  purposes.     It  seemed  impossible  to  work  it,  except  by  actuall j 
driving  it  down,  just  rolling  it. 

Prof.  Carpentkb  : — Possibly  we  have  had  a  different  clasB  o^ 
magnesium.  Our  magnesium  has  resembled  lead  in  its  ductilit^^- 
It  seemed  to  have  no  well  defined  elastic  limit.     It  seemed    ^.^ 
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give  gradually  as  the  force  is  applied,  yet  its  ultimate  streugtl 
very  great.     It  has  a  silver  lustre  much  more  like  silver  than  tl^^^ 
of  aluminium. 

[Professor  Carpenter  then  read  the  following  paper :] 


A  Pap€r  prestmitd  mt  tkt  Ttmtk  Getural  Meeting 
^  ike  Amur icmn  Institute  0/  Electrical  En- 
gitu€rs^  New  Vari^  May  17,  1893.       President 
HeutUn  in  the  Chair. 


THE    VARIATION    IN    ECONOMY   OF  THE    STEAM 
ENGINE  DUE  TO  VARIATION  IN  LOAD. 


BY  R.  C.  CARPENTER. 


The  writer  recently  made  some  tests  on  two  classes  of  engines, 
subject  to  variations  in  load,  the  results  of  which  were  reported 
^t  the  last  meeting  of  the  American  Society  of  Mechanical 
Engineers.  Since  that  time  the  matter  has  been  given  consider- 
able attention,  from  a  practical  standpoint,  and  the  following 
>aper  contains  the  results  of  considerations  and  a  comparison  of 
Ul  the  data  at  hand,  with  certain  simple  formulae.  The  object 
6  the  production  of  a  practical  formula  to  express  the  economy 
>f  any  class  of  engine,  under  any  condition  of  loading. 

In  deducing  the  formula  which  are  expressed  later,  certain 
fnndamental  principles  were  used  as  a  basis  for  reasoning,  which, 
10  far  as  this  paper  is  concerned,  need  be  considered  as  restmg 
Dnlj  on  an  empirical  basis,  although  the  author  has  reason  to  sui>- 
pose  a  broader  foundation  for  the  propositions  which  are  stated. 

The  fundamental  proposition  will,  I  think,  be  generally  ad- 
mitted.    It  is  as  follows  : — 

I.  The  steam  consumed  by  an  engine  may  be  considered  as  com- 
posed of  two  parts,  one  part  being  that  which  would  be  required 
to  do  the  work  in  a  perfect  enyine,  which  is  defined  here  as  an 
engine  working  without  waste  of  any  available  heat,  and  whose 
efficiency  is  equal  to  the  thermodynamical  efficiency  of  an  engme 
working  within  the  same  limits  of  temperature ;  the  other  part 
being  that  required  to  overcome  the  losses  due  to  cylinder  con- 
densation and  various  wastes  of  the  engine. 

The   steam   required   by  a  perfect    engine,  which  as   defined 
above,  is   one   not  subject  to  wastes,    except  those  due  to  the 
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exhaust,  will  vary  directly  with  the  work  done,  or  nnder  every 
condition  of  loading,  the  weight  of  steam  per  indicated  horse- 
power must  remain  the  same. 

The  author  is  well  aware  that  authorities  may  not  agree  in 
every  particular  respecting  the  essential  qualities  of  a  perfect 
engine,  and  it  is  to  be  understood  that  the  use  of  the  term  in  this 
place  only  applies  to  a  standard  with  which  to  compare  the  re- 
sults obtained  on  actual  engine  trials. 

The  perfect  engine  is  generally  understood  to  be  one  working 
in  a  Camot  or  reversible  cycle,  in  which  case  the  amount  of  heat 
and  also  the  steam  required,  is  perfectly  definite  and  readily  com- 
puted. This  quantity  was  used  as  the^standard  in  the  first  com- 
parisons made,  but  no  satisfactory  results  could  be  obtained ;  it 
was  found,  however,  that  the  formulas  for  steam  consumption 
which  applied  to  the  Camot  cycle,  if  slightly  modified  would  give 
a  standard,  which  agreed  very  closely  with  the  results  of  the 
tests  examined,  consequently  this  latter  quantity  has  been  adopted 
as  the  standard. 

The  method  of  computing  the  amount  of  steam  required  for 
the  standard  engine  is  explained  in  the  following  paragraph : — 

Amount  of  Steam  Eequibed  by  the  Pebfect  Engine. 

The  amount  of  steam  required  by  the  perfect"  engine  will 
vary  with  the  range  of  temperature  through  which  the  engine 
works.  Its  efficiency  being  expressed  in  each  case  by  the  differ- 
ence of  absolute  temperature  of  entering  {T^  and  exhaust  (TJ) 
steam  divided  by  that  of  the  entering  steam. 

The  efficiency 


(1) 


This  fraction  expresses  the  greatest  possible  proportion  of  the 
entering  heat  that  can  be  transformed  into  work  in  any  heat 
engine. 

To  find  the  heat  units  required  for  the  perfect  engine,  we 
have  only  to  divide  2545,  the  equivalent  of  one  horse-power  for 
one  hour  in  b.  t.  u.,  by  the  efficiency  expressed  as  above. 

That  is,  the  heat  units,  required  by  one  i.  h.  p.  per  hour  by  the 
perfect  engine  eijuals 

2545  (3^ 
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To  find  the  number  of  pounds  of  steam  required,  this  number 
is  to  be  divided  by  the  available  heat  in  one  pound  of  the  steam. 
Were  the  engine  to  work  in  a  true  Carnot'e  cycle,  this  available 
heat  would  be  measured  by  the  latent  heat  of  the  entering  steam, 
since  by  that  theory  the  amount  equivalent  to  loss  of  tempera- 
ture in  expansion  is  restored  by  compression.  The  engine 
assumed  to  be  perfect  in  this  discussion,  is  somewhat  different 
from  the  ideal  engine  of  the  Carnot  cycle,  although  the  required 
steam  can  be  as  readily  calculated. 

To  obtain  the  steam  consumption  of  an  engine  working  in  the 
Oamot  cycle,  the  value  given  in  equation  (2)  must  be  divided  by 
the  value  of  the  latent  heat  (/•)  to  obtain  the  steam  consumption 
for  the  ideal  engine  adopted  as  standard,  the  value  as  given  in 
aquation  (2)  must  be  divided  by  the  latent  heat  increased  by  a 
ijuantity  equivalent  to  the  loss  of  sensible  heat  of  the  steam  in 
passing  through  the  engine.  That  is,  if  r  represents  the  latent 
beat  in  a  pound  of  the  entering  steam,  >l  the  total  heat,  and  qo  the 
Qeat  of  the  liquid  in  the  exhaust  steam. 

We  should  have 

Steam  required  by  the  ideal )  ^^.^ 

engine  of  Carnot's  cycle  >  =  /3\ 

per  I.  H.  p.  per  hour.  )  ^i        ^  ^ 

Steam  required  by  the  atan-  \  0^4^ 

That  is,  the  standard  engine  as  defined  here  does  not  work  in  a 
-eversible  cycle,  but  does  utilize  all  available  heat  within  limits 
)f  the  temperature  of  entering  steam   and  exhaust,  whether  it 
approximates  more  nearly  or  not  to  the  real  engine,  it  at  least  is 
he  only  value  that  can  be  used  in  expressing  the  economy  in  the 
)ropositions  which  follow. 

The  following  table  gives  the  amount  of  steam  required  by  the 
iandard  engine  per  i.  h.  p.  per  hour  for  various  conditions  of 
team  pressure  and  exhaust,  computed   by  formulae  (4).     This 
luantity  is  in  the  following  discussion  called  the  waUr-rate  for 
'he  standard  engine. 
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AMOcirr  of  Steam  Rkquirei>  to  Overcome  Wastes 

It  ie  well  known  that  no  ade<{iiate  theory  lias  been  as  je 
duced  which  nnll  give  a  definite  expression  for  these  « 
consequently  they  must  be  stated  in  empirical  fomiulte,  the 
racy  of  which  can  only  lie  teete'd  by  cora])ariiiou  with  i 
obtained  by  careful  trial.  These  wastes  are  considered  by  T 
ton'  to  vary  with  the  square  root  of  the  number  of  expan 
and  by  Cotterill  to  vary  with  a  logarithmic  function  of  the 
ber  of  expansions.  For  four  expansions  or  less  the  two  pr 
tions  do  not  differ  greatly. 

In  this  case  I  desire  to  produce  a  practical  rule  that  can 
be  applied,  and  instead  of  using  the  number  of  expat 
which  are  often  difficult  to  obtain  from  the  data  at  hand,  1 
expressed  all  the  results  in  terms  of  the  indicated  horse-p 
consequently,  while  the  exprest^ion  may  not  be  scientitie  in 
it  is  one  that  can  readily  be  applied  and  used  by  practical 
neers. 

Two  formula;  will  be  employed,  designated  respectively  , 
B,  both  comparatively  simple  in tlieirapplication,  butgivin 
results  when  two  cases,  oue  less  and  one  greater  than  mosi 
nomical  loads  are  considered. 

Formula  A  is  to  be  considered  an  application  of  the  pr 

1.  3c«  ■■  Manual  of  ihc  Sleam  Eugiut-,"  Part  I. ,  page  517-  N.  Y.: 
Wiley  &  Son. 
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tion  stated  by  Thurston  in  a  modified  form,  i.  e,^  that  the  wastes 
vary  as  the  square  roots  of  the  ratio  of  variation  in  loading,  instead 
of  as  the  number  of  expansions.  Formula  B  is  a  logarithmic 
function  which  was  assumed  by  myself  after  a  series  of  trials. 

The  two  are  used  simply  for  the  purpose  of  comparing  two 
tlieories  for  variation  in  the  wastes  of  an  engine.     In  the  discus- 
sion that  follows,  all  the  steam  used  by  the  real  engine  in  excess 
of  that  required  by  the  standard  is  considered  as  waste.    All 
comparisons  are  made  with  the  real  engine  working  with  its  most 
eoonomical  load.     The  following  formula*  are  used  : — 
XL#et  m  =  the  indicated  horse-power  (i.  h.  p.)  of  the  engine  for 

most  excellent  results. 
Lefc  w  =  the  steam  actually  used  per  i.  h.   p.  per  hour,  when 

engine  is  developing  ni  horse-power. 
Let^  =  the  steam  required  for  the  perfect,  i.e.^  the  standard 

engine  per  i.  h.  p.  per  hour  under  same  conditions. 
Let  h  =  least  waste  of  the  engine  =  w  — p. 
Let  '/*  =  the  horse-power  of  the  engine  for  which  the  steam  con- 
sumption is  required. 

Let  a?  =  _  for  power  less  than  m. 
n 

Let  ac  =  —  for  power  greater  than  m, 

W'e  shall  have  the  following  values  for  the  steam  consumption 
Cy)  l>€r  I.  H.  p.  per  hour  : 

J'irst  Ca^e — n  less  than  m. 

y  ^p  +  h  \/  "^^  (A)  or, 

n 

y=P  +  b\/  I  +  (loK  '^)^'.  (B) 

Second  Case. — n  greater,  than  in. 

=  P  +  f>\/l^.  (A) 


y 

in 


Botfi  Cases. 


y=/>+i\/i  +  (iog 2] )  "' 


y  =  P-\-h  V X. 


y=p^f,   |/l  _)_  (^loge  .ry 


(B) 

(A) 
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TABLE  FOR  FACILITATING  THE  D8E  OF  FORMULA  A  AND  B. 
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4.68 

a.x63 

9.0 

4-5 

1.504 

7.98 

a.8s5 

9.191 

5.0 

1.609 

IX. 77 

3-43X 
5.89 

10.39 

9.936 

6.0 
7.0 

X.79 
X.95 

33-9 
Z08.XS 

l^ 

8.0 

a.o8 

35X.S 

x«.7S 

a.898 

9.0 

2.197 

"93. 

34-53 
64.38 

3.000 

lO.O 

a.30 

4x41. 

3.163 

1 

In  applying  tlie  formulae,  x  is  equal  to  the  i.  h.  p.  for  most 
economical  results  divided  by  the  actual  i.  h.p.  until  the  quotient 
is  equal  to  one  ;  it  is  then  taken  as  the  reciprocal  of  the  above 
ratio.  The  results  obtained  by  application  of  the  formulae  indi- 
cate that  the  effect,  so  far  as  changing  the  economy,  is  less  for  an 
overloaded  than  an  underloaded  engine. 

A  comparison  with  actual  tests  is  given  in  the  following 
pages. 

Application   of  Formula  to  Actual  Cases  and  Comparison 

WITH  Actual  Tests. 

First  Triple  expansion  Corliss  engine,  made  by  E.  P.  AUis 
&  ('O.,  tested  by  C.  11.  Peabody,  test  reported  at  Am.  Society 
Mech.  Engineers  ,November,  1892.  Absolute  steam  pressure, 
140.5  lbs.,  condensing  engine;  thermal  efficiency,  30.2;  steam 
required  j)er  i.  11.  p.  per  hour  for  standard  engine,  7.7  lbs.;  best 
actual  consumption,  13.74  lbs.,  for  125.3  i.  h.  p. 

We  have  as  formulie  for  this  engine  under  the  conditions  of 
the  test 
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TABLE    III. 


Horse- 
Power 
Devel- 
oped. 

Value 
of 

X. 

Steam  Consumption 
Per  I.  H.  P. 

Error 
Formula 

A 

Per  Cent. 

Actual. 

Error 
Formula 

B 

Per  Cent. 

Actual. 

1 

Formula 
A. 

Formula 
B. 

45.4 
40.7 

37-5 

35-« 

33.7 

33-15 

32.5 

32.4 

3«S 
3».7 
3»-3 
309 
3»-3 
31-7 
31.6 

Actual 
lest.  1 

T8.9 
21.6 
25.2 
30.3 

37-9 
42.0 

47.5 

50 

60.S 

64 

^« 
75.8 

83.4 
91.0 

94.7 

4.0 
3-5 
30 

2-5 

2.0 
1.8 
1.6 

1-5 

1-25 

1.2 

I.X 
I.O 

I.I 

1.2 
1-25 

43-4 
41.8 

39- 1 

36.1 
35. « 

33.8 
32.4 
32- 1 
3».5 
30-9 
31.5 
34  I 
32.4 

45 

43 

395 

35-5 

34.3 

33.2 

32.3 

32.3 

3»i 
31.0 

3«.o 

30-9 
31.0 
32.0 
32.0 

—  3.5 
9.7 

—  1.1 

+  4-2 
+  5-3. 
+  5-7 

+  4.4 
+  4.2 

3.3 

«.5 
0 

«.5 

+  1.2 

+  0.9 

—  5-3 

—  S.I 

—  I.X 

—  1.7 

—  0.15 
0.6 

4-0.3 

--  X.9 

+  9.x 

0-9 
0 

0.9 

0.9 

—  0.6 

I.   The  results  jnven  in  this  column  are  derived  from  a  curve  drawn 
after  the  tests  were  made,  and  give  the  averaj^  results  for  each  case. 


General  Fonnulw for  this  Engine. 


y  =  ^>  ( 1  +  0.62  ^/  x\ 


(C)  or, 
P) 


y  =^  (1  +  0.62  V  1  +  (log  x,)\ 

Test  of  engines  of  the  "  Jiaclie,- '  by  Emery. 
Steam  pressure,  constant,  80  pounds  by  gauge ;  back  pressure, 
3.2  lbs.  absolute. 

Required  by  perfect  engine,  11.5  lbs.  per  i.  h.  p.,  or  ji?  =  11.5. 
Best  water  rate,  20.3  lbs.  at  91.2  i.  h.  p. 
Equation, 

y  =  8.8  Vx^  11.5.  (A) 


(/  =  8.8   V  1  +  (log  xy  +  11.5. 


(B) 


TABLE    IV. 


1 

1 

Honw-Powcr 
i>pvrl»»pcd. 

40.50 

7^'  3^ 
gi.zi 

97-7" 

K>^.<^7 

'^-■75 

Value  of  .r. 

Steam  Consumption  Per  I.  H.  P. 

F<»rmula  A. 

Formula  B. 

22.7 

20.9 

20.  J3 

20.5 

20.6 

20.7 

21. 0 

Actual  by  Test. 

2.25 

I. -JO 

1.0 

1.04 

1.08 

1.12 

i.<0 

24.7 

20. y 

2«i.3 

20.5 
20.7 
20.8 
21.6 

25.18 

20.71 
20. 3j 
99.38 
■X.97 
90.36 
9X.X69 
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General  JEquation. 


y  =  ^  (1  +  0.78    V  X 


(C) 


y  =  i>  (1  +  0.78  V  1  +  (log  x)\  (D) 

Test  of  engines  of  the  "  Gallatin."     Simple  condensing. 
By  C.  H.  Loring  and  Dr.  Charles  E.  Emery. 
Steam  pressures  vary  from  37  to  44  by  gauge,  average  41.5  ; 
absolute  back  pressure,  3.2  lbs. 
^lequired  by  perfect  engine,  14.  2  lbs.;  i.e.,fP  =  14.2. 
IBest  rate,  24  lbs.  at  182.2  horse-power. 

(A) 
(B) 


y  =  9.8  VT+  14.2. 


y  =  9.8   V  1  +  log  ar»  +  14.2. 


TABLE   V. 


Horse- 
power. 

Value  of  jr. 

Steam  Consumption  Per 
I.  H.  P. 

Steam 
Pressure. 

Formula  A. 

Actual. 

X33.8 
X37.3 
183.2 
189.4 
236.9 
336.5 

1.49 

1-43 

1. 00 

1. 01 
1.31 

I-3I 

36.1 

25-9 
34.U 

34.01 

254 
38.4 

36.0 
36.7 
34.0 
36.3 
245 

38.1 

44.8 
40.9 

43.3 
30.4 

37.0 

General  JFormuloe. 


y=p{l  +  0.69  V  X.  (C) 

y  =  ^  (1  +  0.69   |/  1  +  (log  xy.  (D) 

lest  on  the  "  Gleam."   Roberts  and  Sayer.    Engines  compound 
^xidensing. 

Steam  pressure,  104  to  112  by  gauge  ;  average,  109.8. 

Sack  pressure,  6.2  lbs.  absolute. 

Steam  required  by  perfect  engine,  11.5  lbs.,  i.e.^j/  =  11.5. 

lest  rate,  17.92  lbs.  at  53.4  i.  n.  i\ 

"We  have 


y  =  6.4   V  X  +  11.5. 


y  =  6.4   V  1  +  log  ic^  +  11.5. 


(A) 
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TABLE  YI. 


Hone-Power. 

Value  of  jr. 

CouBnmption  Per  I.  H.  P. 

Formula  A. 

F  rmulaB. 

Actual. 

a8.5 
39.0 

53-4 

55.9 
70.x 

1.89 
x.84 
z.o 
X.05 

x.3« 
1.4a 
X.56 

ao.3 

ao.x 

X7.99 

x8.o 

x8.8 

19.  X 

19-5 

X9.1 

X9.0 

X7.9a 

x8.z 

x8.^ 

x8.6 

18.7 

X9.98 
Z8.84 

x8.M 
X7.86 
Z889 

General  equation  for  this  engine  p  =  11.5. 

j^  =  ^  (1  +  0.56  4^^ 


(C 


y  =p{l  +  0.56  V  l  +  Qog xf. 
Test  of  an  Engine  by  Hirn. 

Test  of  Hirn's  ^engine  :   90  pounds  steam  pressure.    Best  co: 
sumption  whea  developing  26.2  horse-power  was  25  pounds 
I.  H.  p.  per  hour,  run  non-condensing.     In  this  case  the  waste 
I.  H.  p.  is  25  —  18.4  =  6.7,  and  the  equation  to  be  solved  is 

y  =  6.7  W+  18.3.  ( 


TABLE  VII. 


Indicated 

Value  of  Ratio 

Consumption  by 

Actual  Results  by 

Hone-Power. 

jr. 

Formula  A. 

Test  by  Him. 

7.5 

1.1 

30.8 

3».5 

9-3 

39.9 

30.5 

»3-7 

X.9 

27.6 

•9-5 

ao.a 

i.o 

25 

«S 

t6.2 

I.O 

■5 

•5 

47.8 

1.89 

a7.3S 

ay 

47.8 

i.8a 

27.3 

»7 

General  formula  p  =  18.3. 


( 


y  =p{l  +  0.37  i/x). 

COMPOUND   CONDENSING    ENGINE. 

J.  H.  McEwen  Mfg.  Co.     Tested  by  R.  C.  Carpenter. 
Steam  pressure,  125  absolute;  back  pressure,  5 ;  i.  h.  p.,  88.8    ^ 
best  water  rate,  19.1. 

Engine  without  steam  jackets. 

(B7 


:> 


y  =  8.5   V  x-\-  10.7. 


y  =  8.5  y  1  +  log  »»  +  10.7. 


1.  Thurston's  "  Manual  of  the  Stciiiu  Engine,"  vol.  i. 


8.]        CARPENTER  ON  ECONOMY  OF  STEAM  ENGINES.        807 


TABLE  Vin. 


I.  H.  P. 

Ratio  jr. 

Results  bv 
Formula  A. 

Results  by 
Formula  B. 

Actual  by 
Trial. 

56 

97.8 
119.3 

x.a6 
x.oo 
Z.X05 
1.3a 

ax.4 
ao.a 
X9.a 
X9.7 
ao.5 

ao.7 
X9.8 
X9.a 

19.4 
X9.9 

aa.z 
az.3 
Z9.a 
Z9.8 
ao.x 

y  =  jp  (1  +  0.79  VIr. 


y=jp  (1  +  0.79  V  1  +  log  aj». 
cmie  engine  with  jackets. 
£e8t  results,  18.9  lbs.  at  80.5  i.  h.  p. 

y  =  8.3  ^^^\'  10.6. 


y  =  8.3  V  1  +  log  x^  +  10.6. 
p  =  10.6. 


TABLE   IX. 


a7.z7 

6Z.03 
80.5 

MJ 

a4.8 

31.8 

33.3 
ao.4 

33. XX 
ao.7 

x.oo 

ao.x 
18.9 

xo.O 
18.9 

X0.69 
x8.9 

100.6 

i.x8 
z.3a 

19.6 
ao.x 

19-3 
X9.6 

X9.X 
ax.7 

1x8.4 
xa6 

Z.46 
1.58 

ao.6 
ai.4 

19.9 
ao.s 

ao.3 
ax.3 

Oeneral  FormvlcB. 


y  =  jp  (1  +  0.78  Vlij. 


(A) 
(B) 


y  =  JP  (1  +  0.78  f^  1  +  log  aj^. 

NON-OONDEN8ING    AUTOMATIC   ENGINE. 

XI  this  case  the  only  data  available  to  the  author  was  the  brake 
se-power  and  corresponding  water  rate, 
^e  total  water  consumed  is  obtained  as  the  product  of  the 
Kiber  of  brake  horse-power  by  the  corresponding  water-rate. 
a  steam  consumed  per  i.  u.  p.  per  hour  is  obtained  by  dividing 
i  quantity  by  the  number  of  indicated  horse-power,  in  each 
5  assumed  ten  greater  than  the  corresponding  brake  horse- 
^er.  The  following  are  the  results  : 
^team  pressure^  120  bj  gauge,  135  absolute. 
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Required  per  h.  p.  by  perfect  engine,  15  lbs.     (See  Table  I.) 
Actual  water  rate  per  i.  ii.  p.,  21.75.     Hence  we  haye : 


t/  =  7.75   V'x  +15. 


y  =  7.75   |/  1  +  log  .r*  +  15. 
p  =  15. 


TABLE    X. 


Brake 

Total 

I.  H.  P. 

Katebv 
Formula 

Rate  bv 
Formula 

Actual 

Horne- 

Weight 

Devcl- 

Value  of  jr. 

ResulU  by 

Power. 

Steam. 

oped. 

A. 

B. 

Trial. 

aoo 

4788 

9 10 

I 

92.75 

29.75 

22.75 

i6o 

4088 

170 

1.23 

23.6 

•33 

24.1 

130 

3161 

140 

1-5 

245 

93.7 

29.6 

lOU 

a557 

no 

l.QI 

25-7 

94.2 

93.9 

90 

9^86 

100 

9.1 

26.2 

94.6 

23-9 
96.9 

70 

ao58 

80 

2.69 

27.6 

25.7 

40 

1609 

50 

4-2 

30.8 

3»7 

39.0 

90 

20 

10 

39.3 

General  Eqvatimis, 

y  =  jy  (1  -j-  52    4/07). 


y  =  ;>  (1  +  0.52    i^  1  +  log  X^. 

Same  engine,  100  pounds  boiler  pressure. 

y  =  7.2  4/"^+  16.6. 

y  =  7.2   /r+ iog^i^  16.6. 
p  =  16.6. 

TAJILE    XI. 


160 

403a 

170 

I 

23.8 

23.8 

93.R 

130 

3440 

140 

1. 21 

24 -3 

243 

244 

100 

2775 

no 

1-54 

25.5 

24.7 

•5-2 

90 

2S47 

IfO 

».7 

26.0 

24.9 

254 

70 

:?i«;4 

8.. 

'.M25 

27.1 

257 

96.8 

4" 

157a 

«;o 

.1-4 

29-9 

29.5 

31.4 

General  Formxilw, 

y  =p{\  -[-  0.44    V~^). 


(A) 
(B) 


y  =  jy  (1  +  0.44   i^  1  +  log  aj\ 

Tests  of  the  Westinohouse  Engines  with  Varying  Loads. 

All  the  data  regarding  the  economy  of  this  engine  that  I  have 
been  able  to  obtain,  is  found  in  the  advertisemenU  of  the  makers. 
The  following  are  the  results  of  tests  of  the  engine  run  non-con- 
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densing  with  varying  loads  and  pressures,  as  given  in  a  circular 
issued  by  the  manufacturers  : — 

Table  of  actual  steam  consumed  per  i.  h.  p.  Westinghouse 
compound  non-condensing  engine,  cylinders  14  and  24  inches  by 
14:  inches. 


TABLE   XII. 


ri  one-Power. 

Eoiler  Pressures. 

60  lbs. 

80  lbs. 

100  lbs. 

120  lbs. 

2IO 

170 

.140 

"5 
xoo 

80 

50 

26.9 
27.7 

30.3 

249 
25.7 
25.2 
25.2 
28.7 

23.0 
23.6 

239 
24.9 

25. » 
29.4 

32.6 

ai.9 
22.a 
22.2 
22.4 
24.6 
28.8 

Comparison  of  Results  with  FoEiiULiE, 

Westinghouse  engine,  non-condensing. 

SO  pounds  of  steam. 

Required  by  standard  engine,  17.8  pounds. 

Formula  A. 

y  =  17.8  +  7.1   Vx: 

Formula  B. 


y  =  17.8  +  7.1   V  1  +  log  x^. 


TABLE    XIII. 


1 

Indiciited             Water 
H  orse-          Consum  pt  ion 
Power.             by  Trial. 

Value  of 
Ratio 

X, 

Computed  Water  Rale. 

Form  1  la  A. 

Formula  B. 

1 

140                      24.9 

lis                        25.7 

100                       25.2 

80                       25.2 

50                        28.7 

I 

1.22 

«.4 

'•75 
2.8 

24.9 
25.6 
26.2 
27.2 
29.6 

24.9 

25.4 
25.6 
26.1 
28.2 

Same  engine,  60  pounds  steam. 
Formula  A. 


y 

-  20.6 

+  6.3 

w. 

— 

TABLE 

XIV. 

xoo 

80 

50 

26.9 
27-7 
303 

I 

1.25 

2.0 

20.9 

26.9 

27.7 
29-5 

37.4 

a8.4 

\ 

810       CARPENTER  ON  ECONOMY  OF  STEAM  ENGINES.    [May  17. 

Westinghouse  engine,  non  condensing,  120  pounds  of  steaiiL 
Bequired  by  standard  engine,  14.8. 
Best  actual  consumption,  21.9. 

y  =  7.1   V~x  +  14.8.  (AJ) 

y  =  7.1  i^  1  +  log  aj»  + 14.8.  {^3) 


3S 

SO 

9fl 

\ 

» 

\ 

V 

\ 

IMI 

\ 

\ 

^4. 

^^'i 

■ 

80 

Ol 

\ 

1 

■^ 

.-           t 

»   , 

X\ 

< 

) 

o 

> 

9< 

18 
16 

% 

t)             U 

0              f. 

9              71 

D               il 

0            1 

10         i: 

W            1 

50           1' 

rj        11 

K)           2 

10 

Fig.  1.    Westinghouse  Non-Condensing  14x24x14,  120  Pounds  Steam  Pic 

SURE  0  Actual  Results. 


c.^- 


TABLE  XV. 


Horse 
Power. 

Water 

Consumption 

by  Trial. 

Value  of  Ratio 

X. 

Computed  Result. 

Formula  A. 

Formula  B. 

3IO 

170 
140 

"5 

100 

80 

SO 

22.6 
2T.9 
22.2 

23.2 
33.4 
24.6 
28.8 

1.24 

1.0 

i.ai 

1-52 

1-7 

2.12 

3-4 

22.7 
21.9 
22.6 

23.5 
24.0 

25.4 
27.9 

33.4 

31.9 

23.fi 
33.0 
33.6 
37.5 
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Steam  100  pounds  pressure,  by  same  engine. 
EqtuiUonafor  computed  re&ult. 
y  =  6.9  V~x'+  16.1. 


y  =  6.9  Vl+iog^  +  16.1. 

TABLE  XVI. 


(A) 
(B) 


170 

33.0 

x.o 

33.0 

33.0 

140 

93.6 

X.3I 

93.8 

33.4 

"5 

a3-9 

1.53 

34.6 

33.9 

100 

34.g 

X.7 

35.1 

34.1 

80 

as.i 

3.13 

36.1 

34.7 

50 

39.4 

3-4 

38.7 

38.4 

\ 

\ 

> 

V 

\ 

*-v 

"^^ 

& 

?*v..„^^ 

^^ 

X 

Ift       t 

0            7 

^        t 

0          u 

0        1: 

»       11 

so          T 

ro        11 

id        k 

0 

Indicated  Horse. Power  ^ 

.  2.    Westinghousk  Compound  Non-Condensing  100  Pounds  by  Gauge 

O  Actual  Results. 

i.  similar  table  giving  the  results  of  tests  made  on  the  same 
ine  with  varying  loads  when  run  non-condensing,  is  also 
^ted  in  the  catalogue  of  the  builders.  There  is,  however,  no 
i  given  regarding  the  back  pressure  against  which  the  engine 
'ked.  For  this  reason  no  comparison  with  the  formulse  is 
ftible,  without  an  assumption,  wliich  might  be  very  different 
EH  the  actual  facts. 


812      CARPENTER  ON  ECONOMY  OF  8TEAM  ENGINES.      [May  17, 

PARSONS   STEAM   TURBINE. 


The  following  test  of  the  Parsons  steam   turbine,  made  b 
Prof.  J.  A   Ewing,  of  Cambridge  University,  was  reported  i 
Engineering  News,  of  January  12, 1893.     In  this  case  the  result^..^ 
are  expressed  in  terms  of  the  output  or  delivered  load,  since  n-^*^o 
figures  are  given  from  which  the  indicated  work  could  be  oL      _^y 
tained.    In  such  a  construction,  friction  is  no  doubt  light,  and  indr    _^j. 
cated  power  must  vary  sensibly,  the  same  as  that  delivered.    Tlu^j- 
turbine  worked  with  steam  1 1 5  absolute  pressure  to  an  absolut:;^^  ^ 
pressure  of  1  lb.  in  condenser  ;  the  steam  was  superheated  abo 
60^;  turbine  and  attached  dynamos  made  4800  revolutions 
minute  ;  thermal  efficiency  for  this  case,  S2A%. 

Water  rate  for  standard  engine,  6.72  lbs. 

Best  rate  for  real  engine,  21.3  lbs. 

Hence,  as  in  preceding  cases, 


mer 


y  =  U.6   i^  x+  f)  7. 


!/  =  U.6  V  1  +  (log  ii^''  +  6.7. 
Generals  Formula, 

y  =^(1  +  2.18   i/'4 
Results  of  test  and  application  of  formula. 


f 


-^) 


C^; 


TABLK    XVII. 

Current  Output. 

Actual  Water  Kate. 

1 

Water  Rate  Computed.' 

Value  of 
Ratio  X. 

1 

Kilo- 

Elec. 

Per  K.  W. 

Per 

1                     1 
Formula  ,    Formula   . 

Watts. 

H.  P. 

K.  H.  P. 

35.8 

4.'J 

A.        '         B. 

1 

so 

48 

37-7 

1 

30 

39,. 

.'.>! 

3.00 

3».9 

38.9  1 

40 

34J3 

25-7 

2.J5 

28.5 

353       1 

.so 

y  , 

2S-9 

1.8 

25.2 

34.0       , 

60 

}*'/2 

22,1 

1.50 

24.6                23.0 

70 

■^^h-. 

i»2.0 

I. •.•8 

23.8           '            32. t           1 

80 

29 

•J1.6 

1. 13 

22.1           '            21.8 

90 

-28  »^ 

21..^ 

1.00 

21.3          I            21.3          j 
23.1                       31.8          1 

1 

100 

28J, 

21  3 

1. 11 

Steam  turbine.     Steam  superheated   130^\     Other  conditio 
as  before.     In  this  case  thermodvnamic  efficiencv  = 


465  —  126 
925  " 


=  37.0;^. 
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iter  rate  for  perfect  engine  = 

2545 


=  5.95  lbs.  =  6  nearly. 


.37  (1185 +  02  —  94:) 
W^e  have  actual  best  result,  20.1.     Hence, 

y  =  14.1   V~x-\-  6. 

y  -  14. 1    i/T+"(loK  .r^'^-f  <». 
General  Formula. 

y  =  jT,  (I  -f  2.35   \^~x). 
L'he  followinuj  is  the  result  of  the  test : 

TABLE   XVIII. 


(A) 
(B) 


Current  Output. 

Actual  Water  Rate. 

Water  Rate 

Computed. 

Value  of 
Ratio  X. 

Ki!o- 
Waiu 

1  per  hour. 

Elec 
H.  P. 

Per  K.  W. 

Per 
K.  H.  P. 

Formula 
A. 

Formula 
K. 

20 

^  _ 

30 

40 

s^'A 

27.2 

3 

30,3 

275 

40 

yi 

239 

2.25 

27.0 

24.0 

50 

29.5 

22.0 

1.8 

74  9 

23.6 

60 

28.5 

21.3 

1-5 

233 

31.7 

7« 

28.0 

20.9 

i.*8 

22  0 

31. 1 

8u 

27.5 

20.5 

1.12 

20.9 

20.6 

90 

it6 

27.0 

20  I 

1. 00 

20.1 

3n.i 

too 

1 

129 

27.0 

20.1 

t  II 

20.8 

20.0 

These  tests,  which  constitute  all  that  are  available  at  the  present 

le  to  the  writer,  indicate  that  either  Formula  A  or  Formula  B 

.  be  used  to  express  the  variation  in  economy  in  an  engine  of 

'  class  due  to  a  change  of  load 

Vb  Formula   A  is  much  more  simple  in  its  application,  and 

«  not  appear  in  any  case  which  hascometo  the  writer's  notice 

give  results  which  differ  greatly  from  the  truth,  its  use  is, 

general,  to  be  preferred. 

t  is  to  l)e  noted  that  the  use  of  this  formula  merely  assumes 

t  the  wastes,  reckoned  from  the  standard  adopted,  vary  as  the 

are  root  of  the  change  in  the  load. 

Part  II. 

JENEBAL   FORMULiE   FOK  WATER  CONSUMPriON  OF  ANY  ENGINE. 

t  may  be  considered  that  the  first  part  of  this  paper,   estab- 
es  the  fact  that  the  amount  of  steam  used  by  an  eugvuQ  tQ 
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supply  the  wastes,  follows  a  law  not  essentially  different  from 
that  expressed  by  either  Formula  A  or  Formula  B.  It  now  re- 
mains to  see  if  any  general  expression  can  be  found  that  wil\ 
agree  fairly  with  the  results  found  by  actual  trial. 

For  this  discussion  it  seems  necessary  .only  to  use  the  more 
simple  form  of  equation,  as  expressed  in  Formula  A, 

in  which  1/  is  the  water-rate  when  the  engine  is  developino^    ^^ 
horse-power,  h   -{-  p  h  the  water-rate  at  the  best  load  of  t 
engine,  which  is  taken  as  m  horse-power. 

X  =  —  ,  when  n-  is  less  than  ///.  and  x  =  - '-     for    m      1 
71  m 

than  n, 

p  is  the  water  rate  of  the  standard  engine  as  given  in  the  tab— ^* 
for  the  same  conditions  of  steam  and  back  pressure. 

h  is  the  amount  of  steam  re<iuired  to  overcome  the  wastes 
the  engine  at  its  mot?t  favorable  load. 

This  equation  can  be  reduced  to  the  following  form  :  — 

y^P  (^  V'x+l)  =p  (y   i^~x+  1),  ( 

in  which  ;•  is  a  constant  coefficient  and  equal  to  the  ratio  of  steau^ 
per  I.  H.  p.  i>er  hour  used  to  overcome  wastes,  when  the  engine 
has  its  most  economical  load,  to  that  re<juired  by  the  standari^ 
engine  under  the  same  conditions. 

To  determine  whether  a  coefficient  which  should  l>e  nearlv 
constant,  could  be  found  for  each  class  of  engine,  I  have  examined 
a  large  number  of  engine  tests.  The  results  seem  to  indicate  that 
the  coefficient  r  does  not  vary  through  wide  limits,  as  will  be  seen 
by  examination  of  the  following  comjnlation  of  a  large  number 
of  tests,  made  with  various  classes  of  euirines. 

The  water  consumption  per  1.  n.  p.  per  hour  as  shown  in  the 
preceding  table  for  the  various  classes  of  engines,  differs  great- 
ly, yet  when  compared  with  that  required  for  a  perfect  engine 
working  between  the  same  limits  of  temperatures,  the  variation 
is  considerablv  reduced. 

The  ratio  that  the  wa.>te  per  i.  Ji.  p.  ])er  hour  bears  to  the  water- 
rate  of  a  perfect  engine,  except  for  extreme  cases  varies  from 
0.5  to  0.8,  and  is  in  general,  lower  for  the  non-condensing  than 
for  the  condensing  engine. 
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It  may  be  noticed   that  in  general  the  simple  engine,  when 
compared  with  the  standard  engine  working  under  the  same  con- 
ditions, makes  fully  as  good  a  showing  as  the  compound  or  triple 
expansion  engine.     This  indicates  what  is  no  doubt  true,  that  a 
large  portion  of  the  gain  in  economy  obtained  by  using  the  coufi- 
pound  and  triple-expansion  engine,   is  due   to   increased  steairM 
pressure,  but  it  is  not  to  be  understood  from  this  that  with  higln 
steam  pressures  the  simple  engine  would  be  equally  as  economics^ 
as  the  compound  and  triple  expansion  engine. 

While  I  have  not  been  able  to  find  a  sufficient  number  of  tesfc-j 
of  these  different  classes  of  engines,   working  under  the  Sam_  « 
conditions  as  to  steam  pressure  and  exhaust  to  draw  any  posit iv 
conclusions ;  still  I  am  quite  confident  that  a  more   extendi 
investigation  will  show  that  as  the  steam  pressure  is  incn 
beyond   a  limit  not  yet  definitely  determined,  the  number 
cylinders  must  be  increased  in  order  that  the  waste  shall  not  ii 
crease  unduly  as  compared  with  the  steam  usefully  applied. 

The  results  in  the  precedino;  table  also  show  what  is  to 
considered  as  best  results  for  the  classes  of  engines  described,  an^i^ 
no  doubt  show  somewhat  smaller  coefficients  than  may  be  ex — • 
pected  in  ordinary  practice. 

The  table  which  follows  was  made  with  the  assistance  of  Dr.  — 
E.  H.  Thurston  by  compilation  from  a  large  number  of  tests,  and 
from  a  paper  read  before  this  society  by  Dr.  Chas.  E.  Emery,*  it 
shows  the  results  which  may  reasonably  be  expected  for  a  given 
class  of  engine,  in  ordinary  condition. 

It  will  be  noticed  that  the  coefficients  in  the  following  table 
are  considerably  higher  than  those  shown  in  the  actual  table  of 
tests,  they  are  however  about  the  best  results  that  makers  would 
guarantee  for  the  respective  classes  of  engines,  and  presumably 
equal  to  the  best  results  obtained  in  every  day  use. 

In  column  IV  is  given  the  weight  of  steam  per  i.  h.  p.  per 
hour  used  to  overcome  the  wastes  of  the  engine,  this  quantity 
corresponding  to  7*  in  the  general  equation  for  steam  consump- 
tion. Column  III  gives  the  water-rate  for  the  standard  engine  and 
the  values  correspond  top  in  the  general  equation.  Column  IV 
is  the  difference  between  column  II  and  III. 

From  the  table  which  has  already  been  given  on  page  300  for  the 
water-rate  of  the  standard  engine,  and  the  preceding  table,  column 
IV  we  can  obtain  the  coefficients   for  predicting  the   probable 


).  Tjunsactions,  p.  119  ante. 
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economy   of  any  enji^ine  working  at   any    portion  of  its  rated 
power. 


1            ..   „.  ,„.  ,..   ..  ...  1 

pG«js. 

W...,-K«t. 

1,  U'l. 

R.tiaor 
Wutc  to 

thatnKd 

/ 

/                CliHof  En^iK. 

A  dual 
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For 
"EngiM. 

f 

Lb.. 

Lbt.pct 

■•!r. 

I 

■LU. 

SruU  Thnttling 

;;       Aoumlie  ■.'■.'■.:: 
lliC*«liiiiii      •■ 

s 

.1 

35.0 

i 

1.48 
0.96 

1'' 

ymtMMm  i6  imcAn. 

coB,p«MdA«i^tic'.-::' 

1 
i 

i 
t 

I 

::       "     

Thus  the  formula  expressing  the  water   consumption  of  any 
®Bgine  is  expressed  by  formula  (3). 

y  =  b   V^j}  (3) 

The  valae  of  ^  is  given  in  talile  page  290,  that  of  b  in  column 
IV  of  table  on  tbia  page.  As  already  explained  a-  can  safely  he  taken 
**  unity,  when  the  engine  is  working  at  its  rated  horse-power, 
Unless  the  engine  ia  known  to  he  very  much  over  or  underrated  ; 
*or  it  is  the  almost  aniversal  practice  of  American  hnilders  to 
■iesign  their  engines  ta  give  the  rated  capacity  at  tlie  most  econorai- 
<*1  point  of  cat^ff.  For  other  loads,  let  /<  equal  the  reqnired 
"0»e,  m  the  rated  horse-power,  then  x  =  m  -i~  n  when  n  is  less, 
then  m;  ~  n  -i-  m  when  h  is  greater  than  m. 

The  oae  of  the  fonnula  will  l)e  retiilered  evident  hy  an  exawi- 
pWtsfoUoiir: — 
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Required  the  water-rate  of  a  simple  Corliss  engine  with^O 
pounds  steam  by  gauge,  and  working  against  2  pounds  absolute 
back  pressure,  that  is  with  a  vacuum  of  10  pounds.  Rated  horse- 
power of  the  engine  supposed  to  be  100. 

We  have  for  this  case 


9.3        h  =  13.7 


So  that 


y  =  9.3  +  13.7  fa? 

as  the  general  equation. 

The  values  of  x  would  be  taken  as  follows,  when  the  engine  i 
loaded  to  10  per  cent,  of  its  rated  capacity  x  =  10,  at  25  pe 
cent,  a;  =  4,  at  125  percent  x  =  1.25. 

A  computation  made  in  this  manner,  gives  the  probable  water 
consumption  in  pounds  per  i.  h.  p.  for  various  loads,  and  classes 
of  engines,  which  are  given  in  the  following  table. 

From  the  figures  given,  it  will  be  noted  that  the  increase  in 
water  consumption  is  small,  when  the  extreme  variation  in  load 
is  confined  between  the  limits  of  one  half,  and  one  and  one  half  the 
load  which  gives  the  best  results,  and  that  the  water  consumption 
increases  much  more  rapidly  for  light  than  heavy  loads. 


-.  *- 


■■>■ 


TABLE  XXI. — PROBABLE  WATER   CONSUMPTION   FOB  VABI0U8   CLASSES 

OF   ENGINES  WITH   DIFFERENT  LOADS. 


• 

Ratio  of  Load  to  Rated  Capacity. 

Class  of  Engine. 

3 

General  Equation 

z 

Ou 

of 
Steam 

^ 

1 

4 

i 

} 

I 

li 

It 

j     Gauge 

Consumption. 

xo 

4 

3 

X.33 

1. 95 

X.50 

Value  of  jr. 

X 

Lbs.  of  ^ 

'atcri 

>er  I. 

H.  P. 

pn-H 

our. 

'rhrottling. . .  Non-Condensing 

fr> 

22.2    V  -r-j-  17.8 

88.8    61.5 

49.6 

43.7 

40.0 

4a.8 

45-2 

Automatic  .   .                " 

8o 

14.2    V  Jr-f  17.8 

63.0    46.2 

37.9 

34» 

39.0 

33-7 

35-2 

II                              II 

•  •  •  • 

lOO 

12.9    1   -r-j-  16  I 

56.8    41.9 

34.4 

31.0 

39.0 

30.5 

3».9 

Corlis**  Simple              ' 

8o 

122    i   .r-l-17.8 

56.4    42.a 

35.« 

31.9 

30.0 

3«.S 

32.8 

Compound  Automatic  " 

loo       y.8    V  j:  -|-  i6.l 

47.1     35-7 

30.0 

97.5 

95.9 

97.x 

•8.1 

It                   II         it 

125       8.6    V  -r  4- 14.4 

41.6    31. 6 

36.6 

•4.3 

93.0 

94.0 

94.9 

Corliss  Simple Condensing 

80     13.7    V.r  +  9.3 

51.5    367 

38.7 

95.1 

93.0 

94.6 

9.6X 

Compound  Automatic    " 

10.)  I  10.2    V'  JT-f  8.8 

41.0    39.2 

93.9 

90.6 

X9.0 

ao.9 

at.3 

II               II             II 

125  1    9.2    V  -r  +  8.3 

37.3    26.7 

91.3 

x8.o 

«7.5 

t8.6 

19.6 

Corliss  Compound            ** 

100  1    8.7    V  Jr  +  B.8 

36.4    26.3 

ax. I 

18.8 

«7.5 

«8.S 

«9.5 

II        *                     II 

»25 

7.7    V-r  +  8.3 

32.7    23.7 

19.9 

16.6 

x6.o 

16.9 

»7.7 

Triple  Expansion 

"5 

6.2    \^jc  +  B.3 

27.9    20.7 

17.X 

«5S 

«4S 

X5.9 

«5-9 

II               1 

150 

5.85    VJ-  +  7.0 

26.4     19.6 

j6.3 

14.6 

*3.75 

«4.4 

IS.X 
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In  conclusion  the  writer  wishes  to  say  that  the  paper  which 
has  been  presented  is  to  be  considered  simply  as  the  result  of  a 
study  of  a  large  number  of  tests  of  actual  engines  working 
-under  various  conditions.  It  differs  from  previous  papers  prin- 
cipally in  the  fact  that  the  basis  of  all  the  reeults  is  a  comparison 
of  actual,  with  the  theoretical  steam  consumption  of  an  engine, 
-which  couverts  all  heat  received  in  the  steam  and  not  discharged 
-%ffith  the  liquid  into  the  exhaust,  into  work. 


1 

i    1    1 

" 

«-l^i 
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The  aathor  is  well  aware  that  this  base  of  comparison  may  be 
Open  to  criticism,  and  at  present  is  willing  to  say  that  the  only 
l~eaaon  for  its  nse,  is  the  fact  which  has  already  been  sliown,  that 
it  gives  nearly  a  constant  ratio  when  compared  with  the  result  of 
^he  actual  engine,  aud  this  was  far  from  being  true,  when  the 
engine  was  considered  as  working  in  a  reversible  cycle. 

Aa  to  the  final  computations,  it  may  be  said  that  their  value 
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depends  upon  agreement  with  actual  tests.  They  are  of  course 
to  be  considered  as  only  average  results  applying  to  well  built 
engines,  since  they  do  not  take  into  account  diflEerences  due  to 
poor  or  good  construction,  which  in  practice  is  of  great  import- 
ance, and  may  give  results  which  differ  10  per  cent.,  or  even 
more,  from  those  given.^ 

In  addition  to  what  has  been  already  stated,  it  may  be  said  that 
the  general  result  of  my  study  would  indicate  that  the  more 
economical  an  en^in^^  ei^en  when  l-oadsd  at  its  beM  ratio  of  e^- 
pa/n»ion^  the  less  will  he  the  change  in  economy^  due  to  increase 
or  decrease  of  load^  and  1  am  fully  satisfied  that  the  results  of 
actual  tests  provide  a  strong  argument  in  favor  of  the  most 
economical  type  of  engine,  even  for  conditions  under  which  the 
load  varies  rapidly,  and  through  wide  limits. 

The  coefficients  which  I  have  been  able  to  gather  by  compila- 
tion of  tests  are  no  doubt  subject  to  modification  and  correction, 
still  in  the  form  presented  I  believe  they  may  prove  useful  in 
pointing  out  the  probable  economy  of  an  engine  with  its  most 
economical  load,  and  its  modification  due  to  change  of  load.  It 
should  be  understood  that  the  only  claim  for  consideration  that 
these  values  possess  is  due  to  agreement  with  the  results  of  re- 
liable and  careful  tests. 

Friction  of  Engines,  Economy  on   Basis  of  Delivered 

Horse-Power. 

The  results  given  in  the  paper  are  based  on  the  work  of  the 
steam,  as  shown  by  the  indicated  horse- power  developed,  but  in 
many  cases  it  is  essential  to  know  the  effect  on  the  economy, 
caused  by  variation  in  delivered  horse-power. 

This  result  could  easily  be  obtained  from  the  preceding  table, 
and  the  frictional  work  for  various  classes  of  engines  known, 

1.  As  illiistrating  the  great  diffcreDce  due  to  excellent  coostructioD,  the  author 
would  »tnte  that  since  writing  the  above  he  has  conducted  a  test  of  24  hour? 
duration,  of  a  Corliss  triple  expansion  pumping  engine,  working  between  the 
limits  of  186  pounds  absolute  steam  pressure  and  1.2  pounds  back  pressure,  in 
which  the  actual  water-rate  wjis  11.79  pounds.  The  standard  engine  for  this 
case  (not  given  in  table)  would  require  8  pounds,  so  that  the  equation  is  8  + 

3.76  V  r,  and  the  ratio  r  is  3.79  ^  H  =  .47  ;  a  result  very  much  below  that  of 
any  triple  expansion  engine  tabulated,  and  also  i)robabiy  the  best  result  ever 
attained  with  any  engine  of  any  kind. 

The  probable  water-rate  for  this  engine  for  diflferent  loads  would  be  as  fol- 
lows : 

Part  of  Rated  Load.      Water- Rate.  Part  of  Rated  Load.       Water- Rate 

0.10        17.9  1.00        11.79 

0.2r»        15.0  1.25        13.25 

0.75         12  37  1.50        12.65 
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because  it  is  a  thoroaghly  well  established  fact  in  steam  en- 
gineering that  the  friction  of  an  engine  remains  practically  con- 
stant regardless  of  the  work  (see  Thurston  Manual  Steam 
Engine,  vol.  i,  art.  132-3),  and  is  in  every  case  essentially  the 
same  as  that  shown  by  the  indicator  diagram  when  the  engine  is 
working  without  load. 

To  determine  the  amount  of  friction  that  may  reasonably  be 
expected  for  various  classes  of  engines,  the  author  has  gathered 
the  following  records  of  actual  tests.  These  records  are  not  as 
numerous  as  possibly  might  be  desired,  due,  no  doubt,  to  the 
great  difficulty  of  obtaining  an  accurate  record  of  the  friction 
horse-power  of  large  engines. 

TEST    OF   SIMPLE    ENGINES. 


Total 

Friction 

1.  H.  P. 

H.  P. 

30 

3 

36 

2.6 

»5 

3.6 

33 

1.8 

57 

2.6 

32 

2.8 

142 

12.7 

84 

10. 

"5 

10.6 

X44.8 

"3 

45 

6.1 

Average 

Friction 

Per  Cent. 

of  Rated 

H.  P. 


10 
7.2 
9.6 

5-5 
4.6 

8.8 

8.8 

11.8 

9.2 

8.5 
13-5 


8.9 


Size  of 
Engines. 


7  X   12 

8  X  12 

7  X  10 

7  «7    I 

8  X  14  I 

f Ji  X  12   I 

16  X  30  ' 

12  X   TI 


No. 
Revolu- 
tions. 


260 

220 

220 

600 
230 
250 

300 


350 


!      Kind  of 
Engine. 


;  Automatic 
I  Automatir 
I  Throttlini 
I  Small 

Vertical 

Automatic 

Strt,  Line 

Porter-  ^  lien 

.   Wcst'housfc 


Corli'S  I 

West  "house 


Makers. 


C.  U. 
l^nsing 
Lansing 

Lansing 


Rergre 

Andre 
West 'house 


Test  by 


R.  C.  Carpenter  1888 


Mitchell  and  Aldrich 


Day  and  Riley 
G.  A.  Him 


G.  H.  Barrus 


TEST   OF   COMPOUND    ENGINES. 


CONDENSING   ENGINES   WITH.  AIR   PUMP. 


Total 

Friction 

Friction 

Size  of 

No 

1 

Kind  of 

1 
Makers. 

1.  H.  P. 

H.  P. 

Per  Cent. 

Kngine. 

Rev. 

1      Kn^irie. 

1 

Tested  by 

• 

22  X  iS& 

117.8 

15.2 

12.9 

21  X  20 

208 

•  Automatic 

Lansing 

R.  C.  Carpenter. 

»9M 

10.4 

> 

> 

Woolf 

Koechhn 

> 

174-4 

Z0.9 

> 

? 

Compound 

A  Isatian 
liitschwilde 

> 

248.9 

«3-7 

> 

778 

10.3 

12,8 

18  &  36 

High  Duty 

Mair. 

134- 

X4.0 

10.4 

by  26 

26  &  54 

3^'-4 

Tump 

Worlhing'n 

Wm.  Roich. 

»55.5 

»5.i 

by  43 

33  &  f>6 

17.6 

•  t 

tt 

Prof.  W.  C.  Unwin 
C.  B.  Brush. 

370. 

8.12 

49.8 

12. II 

•1 

1 

tt 

G.  H,  Benzenburgh 

Average  12.3  per  cent. 

Deduct  probaole  friction  of  air  pump  3  per  cent.,  gives  net 
iriction  9.3  per  cent. 
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TEST   OF   TRIPLE    EXPANSION    ENGINES    WITH    AIR    PUMP. 


778.7 
573.8 

81.7 
529 

1 

27.  46  A:  70 

by  u^ 
■i%,  48  &  74 

by  U,     ^ 

1 
If. .6 

1 

Vertical 
Pump 

E.  P.  Allia 

B.  H.  Fiend. 

Chicago. 
R.  C.  Car^ntcr. 

Milwaukee. 

Trials  were  made  by  Walther,  Meiiiner  and  Ludwig  to  deter- 
mine the  friction  of  a  compound  eng:ine  run  in-varions  ways. 
The  results  bring. 

Compound  engine  with  con-  [  248.97  i.  h.  p.,  39.48  friction  h.  p. 
denser  and  air  pumj).         \      Per  cent,  of  friction  13.7. 

High-pressure  cylinder  with  )  153.1  i.  h.  p.,  24.74  friction  h.  p. 
condenser  and  air  pump,    f      Per  cent,  of  friction  16.0. 

High-pressure  cyHnder  with-  \  128.4  i.  h.  p.,  17.49  Friction  h.  p. 
out  condenser.  \      Per  cent,  of  friction  12.0. 

It  may  perhaps  be  unsafe  to  draw  conclusions  from  such  a 
limited  number  of  facts,  but  a  study  of  the  tests  cited,  show  at 
once  that  there  is  no  great  difference  as  to  the  amount  of  friction 
in  various  classes  of  engines,  the  increased  range  of  steam  pressure 
and  the  greater  return  in  work,  being  sufficient  to  make  ample 
compensation  for  the  extra  work  required  to  move  the  more  com- 
plex mechanism  of  the  compound  or  triple  expansion  engine. 

The  friction  varies  to  a  considerable  extent  in  different  en- 
gines; in  general  it  is  loss  in  large  than  small  engines. 

It  seems  to  be  in  every  case  between  5  and  9  per  cent,  of  the 
rated  load  for  non-condensing  engines  of  150  horse-power  or 
over,  whether  simple,  compound  or  triple,  and  to  lie  between  6 
and  12  per  cent,  for  condensing  engines  from  50  to  150  horse- 
power. 

The  condensing  engines,  to  which  an  air  pump  is  attached, 
usually  have  2  to  3  per  cent,  greater  friction  than  those  without  an 
air  pump. 

The  average  friction  may  be  taken  for  engines  of  50  to  150 
horse-power  as  10  per  cent,  non-condensing,  and  13  per  cent, 
condensing,  those  exceeding  150  11.  p.  as  7^  per  cent,  non- 
condensing,  and  10  per  cent,  condensing,  with  very  little  error. 

The  following  special  test  may  be  of  interest  as  bearing  on 
this  subject : — 

Experiment    with    Sirley    Collecje    Experimental    Enoine. 

Sibley  College  has  an  experimental  engine  of  the  Corliss  type, 
with  three  cylinders  respectively,  9,  10  and  24  inches  in  dia- 
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meter,  and  36  incli  stroke.  The  engine  can  be  run  triple  expan- 
sion, componnd  or  simple,  as  desired.  The  engine  is  provided 
with  3  brake  wheels,  and  fitted  with  friction  brakes  of  very  ex- 
cellent design  and  workmanship.  The  following  trials  show  the 
friction  of  the  engine  when  run  in  condition  of  simple,  compound 
or  triple  expansion  ;  that  is  with  the  high-pressure,  high  and  in- 
termediate, or  with  all  the  cylinders.  The  steam  pressure  in 
each  case  was  essentially  the  same,  and  in  no  case  was  the  friction 
of  the  air  pump  considered. 
The  results  are  as  follows  : 

Simple  engine,  high-pressure  cylinder  only,  100  pounds  steam 
pressure  by  gauge,  21  inches  vacuum. 


I.  H.  P. 

Brake  H.  P. 

Friction  H.  P. 

:                     6a.4 
62.45 
73.4 
83.8 

55-5 

55-5 
66.0 

76.7 

Averajfc 

6.95 

1 

1 

6.8 

COMPOUND. 

High  and  intermediate  cylinders,  gauge  100  pounds. 


I.  H.  P. 

Brake  H.  P. 

Friction  H.  P. 

1 

62.7 

85.0 
90.7 

55-4 
65.8 
76.0 
81.3 

7.3 

8.3 
9.0 

9-5 

Average 

8.2 

TKIPLE    EXPANSION    ENGINE. 


I.  H.  P. 

Brake  H.  P. 

Friction  H.  P. 

63.0 

8a.o 

91./ 

X07.S 

ioa.6 

xa4-3 
130.6 

48.0 
65.8 
76.1 

8«>.5 
84.0 

107.2 

113.0 

Averaj(e 

15.0 
16.2 
X5.6 
18.0 
18.0 
17.x 
18.6 

X6.9 

During  these  tests  the  simple  engine  was  worked  very  much 
beyond  its  normal  capacity,  the  triple  expansion  very  much 
below. 

As  proved  by  subsequent  tests,  the  limit  of  economical  loading 
was  with  the  simple  engine  at  B2.4  horse-power,  that    of  the 
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compound  at  86  horse-power,  and  that  of  the  triple  at  145  to 
150  horse-power. 

If  the  percentage  of  friction  be  reckoned  on  this  basis,  we 
shall  have  the  following  valnes  of  the  friction :  simple  en- 
gine, 10.8  per  cent. ;  compound,  9.65  per  cent. ;  triple  expan- 
sion, 11.2  per  cent. 

This  particular  engine  has  been  run  as  a  compound,  using  high 
and  intermediate  cylinders,  a  great  many  times  ;  it  has  been  run 
as  a  triple  expansion  engine  only  a  few  times,  so  that  the  exces- 
sive friction  of  the  low-pressure  engine  can  be  readily  explained 
as  due  to  that  fact. 

Assuming  what  is  probably  true  that  this  friction  will  be  re- 
duced by  wear  to  15  horse-power,  we  shall  have  in  this  case 
substantially  uniform  friction,  whether  the  engine  be  operated 
as  simple,  triple  or  compound. 

It  seems  quite  certain  that  the  friction  of  these  various  classes 
of  engines,  when  developing  the  same  power,  is  essentially  con- 
stant. The  following  table  is  computed  on  the  assumption  that 
the  friction  is  10  per  cent,  of  the  rated  load  for  non-condensing 
engines  and  12^  per  cent,  for  condensing  engines. 

TABLE  XXII.      PROBABLE  WATER  OONSUMl'TION,  PER  DELIVERED  HOBSE 
POWER  FOR  VARIOUS  CLASSES  OF  ENGINES  WITH  VARYING  LOADS. 


Class  of  En^Dc. 


Non-Comiensing. 


Throttling  Simple 
Automatic       ** 


Corliss  "       .    . . . 

Automatic  Compound. 


Condensing. 

Corliss  Simple 

Automatic  Compound. . . 
it  tt 

Corliss  " 

t.  ti 

«  ■  • 

Triple  Expansion.    


OS 

9 
(i 

o 


8o 

ICX3 

8o 

IOC) 

125; 


8o 
nx> 

lOO 
125 

150 


1   Ratio  of  Indicated  Load  to  Rated  Capacity. 


a. 
10 


5 


Ya 

}i 

Ya 

I 

IX 

Lbs.  of  Water  per  Delivered  H.  P  per  houf . 


103. 

74.5 

77.0 

47-5 

70.0 

430 

7-^-5 

43-8 

59-5 

37-7 

5--'.7 

3J.3 

^  I 


73-4 
58.4 
53-4 

47-4 
41.4 

3'>-2 


383 
31.0 

'^8..s 

27.'.> 

22.8 
21.6 


505 

3V-6 
3C.8 

3?).8 
31.8 
i8.x 


30.1 
24.8 

22.7 
22.6 
lg.9 

16.6 
17.5 


44.5 
35.6 

46.6 
36.6 

yi'^ 

33-2 

33-4 
a8.8 

25.6 

34a 
29.4 
26.1 

26.3 

a7-4 

21.7 

33.5 

20.0 

ao.7 

20.0 

90.6 

18.3 

18.8 

16.6 

16.9 

>5-7 

16.0 

iM 


48.5 
37.8 
34.2 

35.2 
30.1 

26.7 


28.5 

33.2 
2t.4 

3z.a 
19-3 
»7-3 
16.5 


1.  The  numbers  express  thi*  prop<irii«»n  of   tht*  indicated  horst-power  developed    to  the  rated 
indicated  horse-power. 
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In  this  comparieon,  the  general  character  of  the  curves  which 
represent  the  variation  in  wnter  coneuruption  on  this  basis  are 
somewhat  changed,  a1thouf!;h  tlie  curves  of  each  clasR,  cundcnsing 
and  non-condeusing,  occupy  the  same  relative  positions  as  before. 
These  curves  for  the  condensing  engines  deviate  more  from  a 
right  line  in  this,  than  in  the  previous  case,  and  all  of  them  be- 
come vertical  at  a  point  when  the  friction  of  the  engine  is  equal 
to  the  indicated  horse-power. 

The  general  fonn  of  tlicse  curves  is  sliown  in  Fig.  4.  It  is 
noted  that  the  simple  Corliss  engine  sliows  wide  variation  in 
economy  on  the  basis  of  delivered  horse-power,  and  that  its 
carve  intersecta  and  rises  above  that  of  the  compound  non-con- 
densing engine  for  low  loads. 


Fio.  4.    Probable  Water  OonsumptioD  per  Delivered  Horse  Power. 

CunnNa.  I.    N<b  cDiidcn-in|«Hmple  thn.itlms.  itcain    lia. 
I'       II   4!    Coodtnsinn.  CorfiM''™'      ""  ™  "'■      "fa. 
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DiSOUSSION. 

Db.  Dqncan  : — These  tests  are  made  apparently  for  steady  nms 
on  even  load.  I  would  like  to  ask  Prof.  Carpenter  if  in  the  casa 
of  an  actual  engine  where  the  load  varies  during  the  expansion, 
these  results  would  givea  comparative  ratingunder  those  conditions. 

Prof.  Carpkntkr: — I  think   that  they   would.     I  have  inci 
dentally  had  an  opportunity  to  test  several  electric  railroad  plants 


I  remember  one  plant  in  particular,  where  we  had  on  tw< 
different  days  quite  a  change  in  average  load,  and  the  different 
in  economy  was  verj*  marked.  On  the  first  day — the  engine  beinj 
compound  condensing — the  test  showed  25  pounds  of  watei 
per  indicated  horse-power  per  hour.  The  next  day  the 
averaged  25  per  cent,  higher  although  there  was  the  same  snddenj 
variation.  This  had  the  effect  of  reducing  the  consumption 
21  pounds  of  water  per  indicated  horse-power,  showing  a  great^'  -At 
increase  in  the  economy  of  the  engine  as  compared  with  the  day^^y 
previous,  simply  because  of  an  improved  load.  I  am  quite  well-K  ^^ 
satisfied   that  the  only  way  that  we  can  get    reliable    data    of^fc  -^^ 

engines  employed  on  electric  railroad  work  is  to  run  these  same  en ^' 

gines  on  different,  but  steady  loads.  The  results  obtained  from 
engine  tests  under  the  conditions  which  ordinarily  exist  on  street 
railroads  are  very  unsatisfactory  indeed.  You  cannot  possibly 
tell  what  conditions  of  loading  correspond  to  average  results 
since  the  economy  varies  with  the  load  to  a  great  extent,  it  is  in 
some  measure  a  function  of  the  load,  or  in  other  words,  the  func- 
tion of  a  variable  and  uncertain  quantity.  If  only  the  average 
load,  day  by  day,  were  constant  the  data  would  be  more  valuable. 

Dr.  Pekrine: — I  would  like  to  ask  if  on  these  great  varia- 
tions of  load  it  makes  any  difference  if  the  engine — ^say  it  is  a 
triple  expansion  engine — is  governing  the  high  pressure  cylinder 
alone,  or  the  low  pressure  cylinders  also.  1  have  seen  a  great 
many  run  on  street  railroad  work  with  the  governor  stationary  on 
the  intermediate  and  low  pressure  cylinders,  governing  entirely 
from  the  high  pressure,  and  I  do  not  know  whether  that  made 
any  difference  in  the  economy  or  not. 

Prof.  Carpenter: — The  subject  submitted  by  Dr.  Perrine  is 
one  to  which  I  have  devoted  considerable  time,  without  at  present 
being  able  to  arrive  at  any  definite  conclusion.  The  question  is 
a  difficult  one  to  decide  experimentally,  for  the  reason  that  it  is 
nearly  impossible  to  apply  those  diverse  conditions  to  the  same 
engine.  Whether  the  low  pressure  valve  should  be  operated  by 
a  fixed  eccentric,  or  automatically  by  the  governor,  is  a  question 
regarding  >\hich,  the  best  engineers  of  the  country  seem  to  differ, 
and  I  have  been  able  to  obtain  very  little  data.  I  have  compared 
several  tests  made  with  engines  of  each  class  and  the  difference 
has  not  been  marked,  nor  has  it  always  run  in  the  same  way.  I 
think  poFsibly  it  may  depend  on  special  conditions.  In  the  latest 
engine  test  that  1  have  made  to  date,  we  got  very  good  results 
indeed,  and  the  engine  was  governed  entirely  by  the  inter- 
mediate  valve, — a  case  that   1  have  never  seen  before — but  it 
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seemed  to  prodnce  very  good  results  indeed.  The  variation  of 
load,  however,  in  that  case,  was  not  excessive.  I  am  of  opinion 
that  better  results  will,  on  the  whole,  be  produced  by  having  all 
the  valves  attached  to  the  governor  where  there  is  a  wide  variation 
in  the  load.  It  is  not,  as  often  stated,  likely  to  prevent  that  nega- 
tive work  which  is  sometimes  done  at  the  end  of  the  stroke  by  the 
expansion  line  falling  below  the  back  pressure. 

Dk.  Chablbs  E.  Emert  : — I  would  like  to  ask  a  question  before 
making  further  remarks.  Referring  to  the  curves  on  pago  319, 
the  lower  one  is  more  nearly  straight  than  the  others,  but  was,  as 
1  understand  it,  derived  from  the  same  formula.  Is  not  the  less 
amount  of  variation  shown  by  the  lower  curve  due  to  the  fact 
that  smaller  quantities  were  being  dealt  with  so  that  the  ordinates, 
though  varying  as  the  square  root,  show  less  difference  than  for 
the  larger  quantities? 

Pkof.  Carpenter: — Dr.  Emery's  explanation  is  correct.  The 
change  in  economy  is  due  simply  to  variation  in  the  steam  used  to 
overcome  the  waste  of  the  engine.  If  that  quantity  is.small  in 
amount,  the  variation  is  correspondingly  reduced. 

Dr.  Emery  : — This  paper  is  valuable  from  the  fact  that  it 
brings  together  in  a  series  of  tables  the  results  of  a  large  number 
of  experiments  made  with  different  kinds  of  fcteam  engines  under 
different  steam  pressures  and  other  variations  of  condition.  The 
tables  showing  the  probable  variation  in  cost  due  to  differences  of 
load  are  also  quite  valuable,  and  the  results  appear  to  be  well  war- 
ranted by  the  references  to  experiments  which  are  given.  A 
hasty  glance  at  some  of  the  formula  may,  however,  give  the  im- 
pression that  they  give  the  steam  consumption  per  h.  p.  per  hour, 
based  upon  general  facts  and  dimensions.  The  running  headings 
rather  favor  this  view.  The  formula>  are,  however,  con- 
fined strictly  to  the  subject  expressed  in  the  title,  viz.,  **The 
variation  in  economy  of  the  steam  engine  due  to  variation  of 
load."  To  obtain  the  economy  with  these  formulae  we  must  first 
know  what  the  best  economy  is.  then  the  formulae  simply  increase 
the  consumption  in  either  direction  for  higher  or  lower  powers 
according  to  the  modification  of  the  short  empirical  rule  of  Dr. 
Thurston,  that  the  wastes  increase  substantially  as  the  square  root 
of  the  variation  in  loading  (top  of  page  301),  or  the  more  elabor- 
ate function  verbally  ereJited  by  the  author  to  Cotterill,  though 
not  so  mentioned  in  the  paper.  That  is,  the  minimum  rate  of 
consumption  being  known,  either  for  that  particular  engine  or 
another  as  nearly  like  it  as  may  be  found  in  the  tables,  the  prob- 
able consumption  for  different  relative  powers  may  be  computed 
from  the  formulae.  The  criticism  suggests  itself  that  while  the 
author  gives  fully  the  minimum  cost  for  a  large  number  of  engines, 
lie  neither  gives  nor  refers  to  rules  by  which  the  size  or  piston 
development  of  such  an  engine  relative  to  the  power  may  be 
obtained,  he  being  simply  satisfied  with  the  statement  (bottom 
page  317.)  ^^  As  already  explained  x  can  safely  be  taken  as  unity 
when  the  engine  is  -working  at  its  rated  power,  wii\e^  \.\i<b  ^\i^\v^ 
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is  known  to  be  very  much  over  or  underrated,  for  it  is  almost  the 
universal  practice  of  American  builders  to  design  their  engines  to 
give  the  rated  capacity  at  the  most  economical  point  of  cat-oflE." 
It  is  true  that  the  engine  builders  may  get  the  proportions  right 
in  most  cases,  but  engineers  in  general  wish  to  know  the  average 
practice.  The  piston  displacement  can  be  determined  directly 
from  the  mean  pressure  employed,  which  for  compound  engines 

is  most  conveniently  stated  in  the  form  of  the  mean  pressure  in 

the  large  cylinder  equivalent  to  the  sum  of  the  mean  pressare  in- 
all  the  cylinders.     A  collation  of  the  mean  pressure  in  connection 
with  the  economical  results  will,  I  think,  show  that  considerably 
higher  mean  pressure  can  be  employed  than  it  was  formerly  con — 
s'dered   possible   to   use   with   economy.     In   other   words,  th( 
engines,  or  rather  the  piston  displacement  per  minute,  can  b; 
s  nailer  than  generally  supposed. 

The  method  of  arriving  at  the  results  is  in  some  respects  simi 

lar  and  in  others  different  from  that  used  by  myself  in   1888  in  a    ^ 

piper  on'*  The  Cost  of  Power  in  Non-Condensing  Steam  En 

gines."  [Vol.  X  Trans.  Am.  Soc.  M.  E.]  Prof.  Carpenter  uses  <« 
in  connection  with  his  actual  miniinum  quantity  the  calculated  i 
minimum  quantity  which  he  bases  on  a  modification  of  the  ideal 
engine  of  Carnot's  cycle,  which  I  think  very  properly  considers 
only  the  difference  of  temperature  between  the  entering  steam 
and  the  exhaust.  Tiiis  is  really  founded  on  one  of  the  laws  of 
thermodynamics  expressing  the  general  fact  that  as  the  steam 
engine  is  a  heat  engine  the  most  that  can  be  gotten  from  it  is  the 
mechanical  equivalent  of  the  thermal  units  included  between 
limits,  and  I  think  practicable,  not  impossible  limits,  should  be 
considered,  so  that  his  selection  is  not  only  warranted  but  rational. 
I  may  say,  however,  that  in  practice  the  way  in  which  the  heat 
opi»rates  upon  the  medium,  the  vapor  of  water  for  instance,  makes 
differences  which  cannot  be  included  in  so  simple  an  expression. 
The  actual  result  in  such  case  is  really  a  function  of  the  simpler 
expression,  much  as  the  magnetizitiou  is  a  function  of  the  exciting 
force.  In  my  investigation  I  therefore  took  the  actuil  pressures 
a:id  volumes  derived  by  experiment  as  formulated  and  tabulated 
in  connection  with  an  ideal  cylinder  of  unit  capacity,  and  found 
the  weight  of  steam  required  to  till  such  a  cylinder  under  the  con- 
ditions assumed.  To  this  was  added  the  weight  of  steam  re- 
quired to  furnish  the  thermal  units  for  the  actual  mechanical  work 
j)erformed  in  such  ideal  cylinder ;  next  the  cost  due  to  cylinder 
condensation  expressed  in  terms  of  the  weight  of  steam  condensed 
and  a  modification  of  the  same  due  to  variation  in  the  relative  size 
of  the  engines  based  on  the  amount  of  power  developed.  It  will 
be  seen  that  I  considered  that  the  relative  power  varied  the  abso- 
lute cost  as  respects  this  item  only,  whereas  Prof.  Carpenter  has 
considered  that  it  affects  all  the  costs  according  to  a  certain  rule. 
I  next  considered  the  costs,  due  to  loss  of  pressure  and  other  inci- 
dental losses,  and  finally  the  saving  in  cost  due  to  expansion.  The 
summation  of  these  various  items  gave  the  total  cost.    I  provided 
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a  separate  formnla  for  each  one  of  the  several  items  based  neces- 
sarily upon  experiment  or  calculation,  or  both,  so  that  possible 
errors  in  any  one  of  the  several  items  could  not  have  as  great 
influence  on  the  final  result  as  if  a  mere  empirical  formula  were 
used  for  the  total  losses.  It  is  believed,  therefore,  that  my  for- 
mnlie  and  the  tables  calculated  therefrom  are  from  the  methods 
adopted  sufSciently  accurate  to  ascertain  the  probable  water  con- 
sumption beyond  present  limits  of  experiment,  and  predictions 
were  made  at  the  time  as  to  the  economy  of  non-condensing  en- 
gines for  pressures  as  high  as  500  pounds,  which  may  be  referred 
to  by  those  interested  in  the  subject. 

An  empirical  formula  is  used  in  the  paper  of  Prof.  Carpenter 
tp  express  the  total  losses.  The  formula  does  not  purport  to 
show  absolute  results,  but  the  variations  from  a  known  result  due 
to  change  of  load.  By  this  method  an  accurate  starting  point  is 
provided  for  each  particular  engine  considered,  and  the  results 
may  be  applied  to  all  kinds  of  engines.  The  comparison  with 
the  various  experiments  on  different  kinds  of  engines  shows  that 
the  increase  in  cost  due  to  varying  the  load  in  either  direction, 
compared  with  that  due  to  maximum  economy  is  expressed 
within  the  limits  of  observation  very  satisfactorily  by  the  formulae. 

In  this  connection  I  wish  to  call  attention  to  the  large  number 
of  valuable  experiments  which  have  been  made  by  Professor  Car- 
penter with  steam  engines  of  various  kinds,  and  which  have  added 
largely  to  the  general  information  on  the  subject.  While  the  form- 
ute  in  this  particular  paper  should  be  confined  simply  to  the  ques- 
tions of  variations  of  load,  the  tabulated  results  are  of  great  vahie, 
independent  of  this  special  feature,  on  account  of  the  large  amount 
of  valuable  information  brought  together  in  condensed  form. 

Prof.  Cabpenteb: — I  am  very  much  indebted,  indeed,  to  Dr. 
Emery.     This  paper  does  not  treat  directly  of  the  cost  of  opera- 
ting or  installing  an  engine,  in  any  way  whatever.     I  never  felt 
competent   to  deal  with  that  subject,  and  the  remarks  regarding 
the  application  of  this  paper  to  engine  costs  seems  to  have  re- 
sulted from  the  fact  that  I  have  not  made  a  clear  statement  of  the 
Dbject  of  this  paper.     The   principal   object  is  merely  to  express 
this  fact;  that  the  more  economical  the  engine  the  less  it  seemed 
to  be  affected  by  the  variation  of  power;  and  secondly,  to  give  a 
>imple  expression  showing  the  water  consumption  for  any  cla?s  of 
3ngine  under  any  condition.     I   did  not  have  data  to  go  beyond 
that,  and  I  did  not  desire  it  to  be  understood  that  the  paper  meant 
JO  give  anything  more  than  that.     The  paper  is  not  intended  to 
be  used  in  computing  the  required   sizes   of  engines,  although  I 
Fully  appreciate  the  value  of  Dr.  Emery's    remarks  regarding   its 
ipplication    in    that  direction.     I  liad  supposed   that  the  paper 
ivould  be  useful  to  electrical  engineers  principally  in  pointing  out 
.he   probable   economy   of  any  engine  whose   rated  power  was 
<nown.     I  desired  also  to  point  out  that  experiments  show  that 
;he  more  economical  type  of  engine  was  less  affected  ^^^^^^~ 
ions  in  power  than  the  more  wasteful  type.     TV\al,  1  mow^X.., 
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would  be  tbe  practical  application  of  the  results.     I  believe  th^^ 
the  tabulated  results — ^as  indeed,  Dr.  Emery  seems  to  think — <>i^ 
page  819,  agree  within  fairly  approximate  limits  of  the  actual  coKzm- 
sumption,  say  within  one  or  two  pounds  of  water  per  indicat^^^ 
horse-power  per  hour,  from  that  obtained  in  practice. 


The  paper  by  Professor  George  S.  Moler  on  **An  Automat 
Printing  Speed-Counter  for  Dynamo  Shafting,"  was  then  n 
by  Dr.  Nichols.     Dr.  Nichols  prefaced  the  reading  of  the 
with  the  following  remarks : 

In  the  laboratories  at  Ithaca  we  have  been  compelled  to  u 
power  from   a   variety   of  sources — water  power,   steam    pow< 
from  various  engines,  and  even  the  two  powers  combined, 
have  been  subjected  thereby  to  perplexing  changes  of  speed  inoi 
shafting.     This  fact  made  it  desirable  to  have  some  means  of  kno 
ing  the  range  of  flunctuation.    It  was  this  state  of  affairs  which  sa 
gested  to  Prof.  Moler  the  machine  to  be  described  in  this 
The  only  reason  for  presenting  this  account  of  it  here  is  that  the  mad 
ine  having  been  in  operation  for  some  months  and  having  prov 
very  useful  to  us,  it  seemed  that  it  might  be  useful  elsewhere 


A  p^tr  ^tfnttd  ut  tk*  Tenth  General  Meeting: 
•f  tkm  A  merican  Institute  of  Electrical  En 
lineere^  Nrm  Yerk^  May  77,  i9cf3^  President 
Houston  in  the  Chair, 


LN  AUTOMATIC   FEINTING  SPEED-COUNTER  FOR 

DYNAMO  SHAFTING. 


BY    (1£0.    S.    MOLKK. 


The  automatic  printing  speed-counter  was  designed  and  con- 
tmcted  by  the  writer,  to  supply  a  need  felt  of  having  a  contin- 
ous  record  of  the  speed  of  the  shafting  which  drives  the  dyna- 
aoB  and  other  apparatus  being  used  by  students  in  their  labora- 
ory  exTierimente. 

During  part  of  the  year  the  shafting  of  the  dynamo  laboratory 
t  Cornell  University  is  driven  by  water  power,  the  wheels  being 
ituated  at  the  bottom  of  a  deep  gorge,  and  several  hundred  feet 
[istent.  The  power  is  transmitted  by  means  of  a  w^ire  cable  run- 
ling  over  large  grooved  sheaves,  and  the  gate  hoisting  apparatus 
5  operated  by  a  wire  rope  passing  around  drums.  No  automatic 
egnlator  has  yet  been  successfully  applied  to  these  wheels,  so  we 
lave  to  rely  upon  hand  regulation.  On  account  of  this,  consider- 
ble  variations  of  speed  take  place,  although  a  tachometer  is 
patched  quite  closely  by  tlie  attendant  in  charge.  The  variations 
Qake  it  necessary  in  performing  an  experiment  to  continually 
ake  account  of  speed. 

The  printer  (see  Fig.  1)  is  essentially  a  speed-counter  which 
)rinti^  the  speed  at  the  end  of  each  minute  upon  a  strip  of 
)aper,  and  does  this  continuously,  requiring  very  little  attention, 
't  was  built  to  give  the  speed  of  a  shaft  which  runs  at  about  140 
•evolutions  per  minute,  but  it  has  a  range  of  from  30  to  185  per 
ninnte. 

It  is  connected  to  the  main  shaft  of  the  dynamo  laboratory 
>y  sprocket-wheels  and  chains,  so  that  the  shaft  carrying  the 
vorm  revolves  at  exactly  the  same  rate  as  the  main  shaft.     The 
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type-wheel  is  about  eight  and  one  half  inches  in  diftiiieter,  and 
IB  made  by  clamping  printers  type  between  a  dUk  and  a  ringfat- 
tened  with  HcrewK  to  one  pide  of  it.     The  disk  ha«   a  mriit.  of 
Email  holes  drilled  ill  it  at  ecjiial  distaiicee  apart,  and  dowel' pinE 
passing   througli   liolen  drilleii    in   the  type,   liold  tlie  latter  in 
place.     If  any  of  the  type  become  worn,  or  accidentally  bmiBcd, 
the  ring  can  easily  be  removed  and   new  ones  can  be  iuserte<i' 
The  type  are  spaced  so  as  to  (;orre8pond  with  the  number  of  tcet:\> 
of  the   Irnye  gear-wheel  wliicli  eiigageti  with   the  worm.    T"!!* 
printing  is  done  upon  a  one-half  inch  tape  of  district  telegraf  ^ 
paper.     A  typewriter  inking  riblwn  is  employed,  and  as  it  is  f  ^ 
along,  it  KbiftB  KJdewise  back  and  forth  m>  that  the  whole  wiiA>-t^ 
of  the   ribbon  is  used.     It  takes  several  weeks  U)  go  once  t::— li^ 
length  of  the  ribbon. 


The  ty|)e  wlict-l  practioally  starts  from  its  zero  reading  at  the 
beginning  of  ca<'li  mimrte.  It  is  nei-essary  to  have  it  do  this,  in 
order  that  the  niiiiibcr  printed  at  the  end  of  the  minute  shall  he 
the  exact  iinmber  of  revolutions  f<ir  that  minntc. 

When  a  i-onniioii  spt-ed-i^ini nter  is  used,  it^  index  is  first  set  to 
zero,  and  it  is  then  ap])li(>d  to  the  end  of  the  lihaft  for  juHt  one 
mimite,  then  is  withdrnnn  and  read.  It  is  again  set  to  zero,  and 
the  operation  is  re|)eate<l.  but  in  doing  this,  a  minute  or  more  is 
lost  e*ch  time  while  setting.  Now  if  the  speed  were  not  to<> 
great,  the  index-wheel   might  l)e   arranged  so   that  it  could   be 
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slipped  backward  or  forward  the  proper  amount,  after  read- 
ing, without  stopping  the  counter.  In  this  way  a  reading 
made  from  zero  could  be  taken  each  minute.  A  similar  method 
ha8  been  adopted  in  the  printer.  The  type-wheel,  which  is  held 
by  friction  on  the  shaft,  and  is  carried  with  it,  is  at  the  beginning 
of  the  minute  slipped  backward  or  forward  until  it  has  the  cor- 
rect relative  position,  then  for  the  remainder  of  the  minute 
revolves  at  the  same  rate  as  the  large  gear-wheel  on  the  same 
shaft.  The  method  of  slipping  the  type-wheel  around  is  partly 
shown  in  Figure  2.  The  toothed  wheel  n^  driven  by  the  bevel 
gear,  revolves  once  for  every  thirty  revolutions  of  the  main 
shaft.  The  plate  or  arm  b  revolves  with  it  when  the  pawl  c  is 
allowed  to  catch  in  the  teeth  of  the  wheel.  As  the  plate  h  goes 
around  with  the  wheel,  the  pin  d  overtakes  the  arm  ^,  which  is 
attached  to  the  type-wheel,  and  pushes  it  along  slipping  the  type- 
wheel  on  the  shaft.  When  h  has  made  one  complete  revolution, 
the  pin/' on  the  pawl  c  comes  opposite  a  notch,  not  shown  in  the 
figure,  into  which  it  is  pushed  by  a  spring,  thus  pulling  the  pawl 
from  the  wheel,  and  also  holding  h  stationary.  It  takes  thirty 
revolutions  of  the  worm  to  carry  the  plate  7>  around,  it  coming  to 
rest  juflt  at  the  end  of  the  thirtieth  revolution.  If  at  this 
instant  the  printing  hammer  were  allowed  to  act,  the  number  30 
would  be  printed,  but  if  it  does  not  strike  till  the  end  of  the 
minute,  the  type-wheel  will  move  with  the  large  gear-wheel  till 
that  time.  The  striking  of  the  hammer  releases  the  pin  /',  and 
the  pawl  which  has  a  spring  of  its  own  is  again  brought  in  con- 
tact with  the  teeth  and  so  carries  the  plate  b  around  again.  If 
the  type-wheel  should  complete  its  revolution  before  the  pin  d 
overtakes  the  arm  <^,  then  the  arm  ^  conies  against  another  pin 
which  stops  it,  until  the  pin  d  does  overtake  it.  This  is  the 
slipping  backward  which  has  been  mentioned.  If  the  printer 
should  l)e  driven  too  fast,  so  that  the  type-wheel  makes  a  revolu- 
tion l)efore  the  minute  is  up,  or  if  the  hammer  is  not  caused  to 
act  for  several  minutes,  then  it  will,  the  next  time  it  acts,  print  a 
zero,  which  is  the  type  under  the  hammer  while  the  wheel  is 
held  stationarv. 

The  hammer  is  released  at  the  end  of  each  minute  bv  means 
of  an  electro-magnet  operated  by  a  clock,  and  when  the  ham- 
mer makes  its  stroke,  it  opens  a  switch  in  the  electric  circuit 
while  the  contact  in  the  clock  is  still  closed,  so  in  this  manner 
the  spark  on  breaking  the  circuit  is  made  at  tbe  &\v\te\\^  ooivi  woX 
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at  the  clock  contact.  The  hammer  is  set  again  by  a  pin  on  the 
side  of  a  wheel  coming  in  contact  with  a  lever,  and  this  closes 
the  switch  again  before  the  next  contact  of  the  clock.  When 
the  machinery  is  not  running,  the  switch  remains  open,  and  so  the 
battery  materials  are  not  consumed  in  useless  work. 

The  numbers  move  past   a   stationary  point  which  prints  its 
position  upon  the  paper  when  the   hammer  makes  its  blow,    li 
the  number  printed  is  exactly  oi)po6ite  the  point,  then  there  has 
been  a  whole  nuniber  of  revolutions  that  minute,  but,if  the  nuix^" 
ber  is  above  or  below  it,  the  fraction  indicated   by  its  position 
can  easily  be  determined.     Fig.  3,   shows  how  the  fraction  ai^ 
revolution  appears   on  the   record.     An   exact  number,   14^    ^ 
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Fig.  3. 

shown  at  (a),  145.25  at  (b)  145.5  at  (c)  and  145.75  at  (rf).     Usually 
enough  of  either  the  preceding  or  following  number  is  printer 
to  easily  make  it  out,  and  to  estimate  the  fraction,  which  can 
read  to  one  fifth  of  a  revolution.     In  the  original  design  of  thi 
instrument  the  question  of  adding  a  time  printing  device  was  consid 
ered,  for  it  was  thought  to  be  necessary  to  know  just  the  hour  an 
minute  that  any  part  of  the  record  was  made.     Such  an  attach^ 
ment  was  planned  but  was  not  built,  for  the  reason  that  in  nearlj' 
all  cases  the  record  made  will  be  referred  to  within  the  first  few 
minutes  after  it  is  printed.     If  it  is  desirable  to  mark  a  certain 
point  on  the  record  to  identify  it,  the  paper  can  be  displaced,  and 
so  leave  a  blank  at  that  point.     The  paper  is  fed  through  at  the 
rate  of  fifteen  and  one-fourth  inches  per  hour,  and  so  when  neces- 
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sary  this  distance  can  be  taken  as  a  unit  of  length  to  measure 
back,  and  mark  off  the  liours. 

One  of  the  ways  in  which  tlie  record  obtained  is  being  used,  is 
to  find  the  ratio  of  its  reading  to  that  of  the  speed  of  tlie  dyna- 
mo being  experimented  upon,  then  from  tlie  record  calculate 
the  speeds  for  the  different  parts  of  the  experiment,  but  this  will 
only  answer  when  the  belt  is  able  to  drive  the  niJichine  without 
slipping. 

There  is  now  being  built  a  spindle  which  is  to  be  tight  geared 
to  the  main  shaft,  and  which  will  run  ten  times  faster,  or  about 
1,400  revolutions  per  minute.  This  will  be  for  the  purpose  of 
testing  a  student's  ability  to  obtain  a  correct  reading  of  speed, 
for  the  true  speed  of  the  spindle  will  always  be  ten  times  the 
printed  speed  for  that  same  minute. 

The  printer  which  has  been  described,  has  been  running  for 
about  three  months  and  has  not  failed  in  any  respect  to  do  the 
work  that  was  expected  of  it. 


The  Secretary  : — I  have  blue  prints  of  a  chart  prepared  by 
Lieut.  Parkburst,  of  the  Watervliet  Arsenal,  entitled  '•  Diseases 
of  Dynamos."  As  there  was  not  time  to  have  it  put  in  type  I 
had  blue  prints  made,  which  are  at  the  service  of  members  who 
are  interested  in  the  subject. 

A  recess  was  then  taken  until  2  p.  m. 

Upon  reassembling  for  the  afternoon  session,  Mr.  Willyoung 
presented  a  paper  on  "A  New  Method  and  Apparatus  for. Meas- 
uring Conductivity." 

The  following  paper  by  A.  H.  and  C.  E.  Timmerman  on 
*'  The  Heating  of  Armatures,"  was  presented  by  Dr.  Nichols. 


A  pap9r  pres*nted-at  the  Ttnih  General  Meeting 
of  the  American  Institute  of  Eiectricai  En- 
gineers^ Ne7v  York^  May  ry^  i8gs^  President 
Houston  in  the  Chair. 


HEATING  OF  ARMATURES. 


BY  A.  H.  AND  G.  £.  TIMMEBMAN. 


Although   rauch  depends  upon  the  heating  of  armatnrefly 
little  attention  appears  to  have  been  given  to  the  study  of 
ject    of    such    importance   to   the  engineer  in  the  desigB 
electrical  machinery.     The  losses  in  an  armature  caused  by 
transformation  of  electrical  energy  into  heat  are  by  no 
negligible  quantities,  as  the  total  amount  of  energy  that  we 
obtain  from  a  dynamo  depends  directly  upon  the  temperature  o: 
the  armature. 

What  will  be  the  temperature  of  an  armature  when  a 
amount  of  electrical  energy  is  transformed  into  heat  within 
armature  if     How  much  heat  will  be  liberated  per  square  inch 
degree  rise  in  temperature  above  the  temperature  of  the  room  P 
Will  this  quantity  be  different  for  different  temperatures  t     Doe»> 
the  field  aid  in  the  escape  of  heat,  or  does  it  prevent  its  radiation  f 
Also,  what  effect  has  the  j)eripheral   velocity  on  the  amount  of 
heat  radiated  i  etc.     Such  questions  as  these  seem  to  have  passed 
almost  unnoticed.     Professor  Harris  J.  Ryan,  of  Cornell  Univer- 
sity, has  done  some  work  in  this  direction,  and  it  was  through 
him  that  the  present  series  of  experiments  was  undertaken.     M. 
Rechniewski  has  also  determined  by  experiments  on  machines, 
certain  values  for  the   heat  radiated.     In   experimenting  with 
dynamos  or  motors  there  is,  however,  some  uncertainty  as  to  the 
amomit  of  heat  generated.     The  loss  in  the  coils  of  the  armature 
can,  of  course  be  accurately  calculated.     The  losses  in  the  iron 
core  can  be  calculated  approximately,  but  not  accurately ;  for  we 
do  not  know  that  the  hysteresis  loss  due  to  the  rotation  of  a  mass 
of  iron  in  a  magnetic  field  is  the  same  as  that  due  to  a  variatioD 
in  the  magnetizing  force,  nor  is  the  eddy  current  loss  easily  esti- 
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mated.  OwiDg  to  tbU  ancertaiiitj  in  the  actual  amount  of  heat 
generated,  it  was  decided  to  construct  a  special  form  of  apparatOB 
80  as  to  be  able  to  measure  accurately  the  amount  of  heat 
generated.  Following  is  a  description  of  the  apparatus  designed 
and  constructed  and  employed  in  this  determination.     (See  Fig. 

The  machine  coneists  of  a  liollow  cylinder  of  brass,  mounted 
on  a  shaft,  so  that  it  cau  be  revolved  between  two  pole- 
pieces,  one  end  of  the  cylinder  being  detachable.  In  the  interior 
of  the  cylinder  ie  a  coil  of  german  silver  wire.    The  coil  is  built 


up  in  the  following  manner : — About  lti4  feet  of  german  silver 
If  ire,  No.  17,  a.  w.  g.,  was  covored  its  entire  length  with  glass 
beads;  the  beads  were  about  \'  in  diameter  and  from  \"  to  Y  in 
length.  The  wire,  thus  insulated,  was  wound  in  a  coil  over  a 
hollow  core  of  glass ;  tiie  completed  coil  being  5^'  long  and 
about  it'  in  external  diameter.  Tliisglase  core  with  tlie  surrounding 
coil  was  then  slipped  over  the  steel  sliaft  and  into  place  within 
the  cylinder,  care  being  taken  to  pull  one  terminal  of  the  coil 
through  a  hole  in  the  closed  end  of  the  cylinder,  this  terminal 
being  well  imnlated  from  the  cylinder.    The  remaimo^  ^Tt\Q& 
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of  the  interior  of  the  cylinder,  not  occupied  by  the  coil,  was  filled 
with  sand.     The  other  terminal  of  the  coil,  after  being  well  insu- 
lated, was  pulled  through  a  hole  in  tlie  detachable  end  of  the 
cylinder  and  this  end  fastened  in  place.     Mounted  on  the  shaft, 
but  well  insulated  from  it  and  from  the  cylinder,  are   two  brags 
rings,  one  at  each  end  of  the  cylinder.     To  each  of  these  rings  i& 
attached  one  terminal  of  thegerman  silver  wire  coil.     Brushes 
for  supplying  current  to  the  coil  within  the  cylinder  bear  upoiv 
these  rings.     On  the  exterior  of  the  cylinder  a  layer  of  muslin 
was  wrapped,  the  muslin  being  well  soaked  with  shellac.     A  coi% 
of  copper  wire  (No.  18  a.  w.  g.)  was  then  wound  on  the  cylinder— 
Attached  to  each  end  of  the  cylinder,  but  insulated  from  it,  is 
brass  ring.     The  ends  of  the  copper  wire  coil  (which  is  wound  oi 
the  exterior  of  the  cylinder)  are  attached  to  these  rings.     Brush 
bear  on  these  rings  and  supply  current  to  the  exterior  coil.     Th 
object  of  this  latter  construction  is  to  measure  the  temperature 
while  the  cylinder  is  revolving. 

The  temperature  of  the  cylinder  at  any  moment  can  be  meas 
ured  by  finding  the  resistance  of  the  copper  wire  coil.  Th 
temperature  coefficient  of  the  wire  being  obtained  by  previou 
experiment. 

A  current  is  sent  through  the  interior  coil,  and  heat  is  thereb; 
generated;  the  energy  thus  transformed  into  heat  being  measured 
by  the  product  of  the  resistance  of  the  coil  and  the  square  of  the 
current  flowing  through  it.  Or  as  the  resistance  is  a  variable 
(quantity,  the  energy  is  better  measured  by  the  product  of  the 
current  flowing  through  the  coil  and  the  difference  of  potential  at 
its  terminals.  By  placing  an  ammeter  in  the  circuit  and  connect- 
ing a  voltmeter  to  the  terminals  of  the  coil,  we  can  measure  the 
exact  rate  at  which  heat  is  developed,  and  thus  the  total  quantity 
of  heat  developed  during  any  period  of  time.  The  heat  pro- 
duced, raises  the  temperature  of  the  wire,  and  thus  that  of  the 
cylinder. 

The  method  pursued  was  to  make  several  series  of  runs;  the 
amount  of  the  cylindrical  surface  of  the  cylinder  covered  by  the 
field  being  the  same  for  each  series,  while  the  speed  was  varied 
from  zero  to  about  2000  revolutions  per  minute,  the  ipeed  being 
kept  constant  during  each  run.  Four  speeds  were  used,  viz. — 
3000  ft.  per  minute,  2000  ft.  per  minute,  1000  ft.  per  minute  and 
a  fourth  series  with  the  cylinder  at  rest.  Each  of  these  series 
will  show  the  efl^ect  of  different  peripheral  velocities.     To  show 
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the  effect  of  the  field  in  aiding  or  in  preventing  the  radiation  of 
heat,  four  sets  of  fields  were  used; — one  covering  100^  of  the 
cylindrical  surface  of  the  armature,  another  covering  75^,  a  third 
covering  bO%  and  a  fourth  run  with  no  fields  at  all.  A  pair  of 
25^  fields  were  also  made  but  were  not  used  because  of  the  com- 
paratively slight  difference  between  the  radiation  with  no  fields 
and  that  with  bO%  fields.  The  object  of  the  above  method  is  to 
obtain  curves  showing  the  effect  of  speed,  and  another  set  show- 
ing the  effect  of  the  field  in  preventing  or  in  aiding  the  radiation 
or  conduction  of  heat  from  the  armature  surface.  To  find  the 
relation  of  the  amount  of  heat  radiated  to  the  temperature  of  the 
cylinder,  the  rate  at  which  heat  is  developed  in  the  cylinder  was 
varied  from  100  to  400  watts,  the  rate  being  kept  as  near  constant 
as  practicable  during  each  run.  An  examination  of  the  above 
will  show  that  a  series  of  runs  was  made  with  each  pair  of  pole- 
pieces  and  that  for  each  run  in  the  series,  a  second  series  was 
made  with  different  peripheral  velocities,  and  again  for  each  periph- 
eral velocity  a  series  of  runs  was  made,  each  with  a  different 
amount  of  heat  developed  per  second  within  the  cylinder. 

The  method  used  in  each  run  was  as  follows: — Being  unable  to 
obtain  the  requisite  instruments  we  were  compelled  to  abandon 
the  proposed  method  of  finding  the  temperature  of  the  cylinder, 
and  substitute  a  thermometer.  While  this  method  is  not  quite 
as  accurate  as  that  intended  when  the  apparatus  was  built,  never- 
theless it  gives  very  good  results,  as  can  be  seen  from  the  figures 
obtained,  which  agree  very  well  when  considered  together.  A  cur- 
rent was  sent  through  the  coil  within  the  cylinder  and  heat 
produced,  thus  raising  the  temperature  of  the  cylinder.  The  rate 
at  which  heat  was  developed  was  kept  constant  during  each  run. 
To  do  this  it  was  found  necessary  to  place  a  resistance  that  could  be 
easily  varied  in  series  with  the  coil,  for,  owing  to  the  great  range 
of  temperature  the  resistance  of  the  coil  varied  greatly.  Runs 
were  to  be  made  long  enough  to  allow  the  cylinder  to  reach  con- 
stant temperature;  for  when  the  temperature  becomes  constant 
the  amount  of  heat  radiated  must  be  exactly  equal  to  the  amount 
generated.  Hence  we  have  a  very  accurate  method  for  deter- 
mining the  amount  of  heat  radiated  from  the  surface  of  the 
cylinder.  However,  one  great  difficulty  was  encountered;  being 
unable  to  make  use  of  the  coil  on  the  exterior  of  the  cylinder, 
how  were  we  to  ascertain  when  the  cylinder  had  reached  con- 
stant temperature?     A  number  of  runs  were  made,  wvA  ^\\j[iwv^ 
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coBtmued  for  uver  three  houru  t)ie  rettnlte  obtained  did  nut  agree 
as  well  as  wan  expected.  The  reason  for  this  disagreement  it 
waa  thought  was,  tliat  the  runfi  were  not  long  enough,  that  is  the 
temperature  of  the  cylinder  hod  not  iwcome  conatant  when  the 
cylinder  was  stopped  and  the  temperature  taken.  To  ensnre 
that  the  temperature  had  become  constant,  it  waa  found  best  to 
adopt  the  following  method :— The  cylinder  was  allowed  to  re- 
main at  rest  or  revolved  slowly,  and  a  current  sent  through  it 
until  the  temperature  had  l>ecome  from  b%  to  \0%  higher  than 
the  calculated  temperature.  The  run  was  then  started  and  con- 
tinued for  a  length  of  time  varying  from  one  and  a  half  to  three 
hours,  according  to  the  conditions  of  the  run.     By  the  calculate*! 
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temperature  is  meant  that  calculated  from  runs  which  had  been 
continued  long  euough  to  ensure  constant  tem[>erature,  in  some 
eases  over  four  hourt^.  By  this  method  greater  accuracy  was  ob- 
tained and  we  were  more  certain  of  oiirreHults,  To  obtain  the 
temperature  of  the  cylinder  u  tbennometer  was  placed  on  the 
cylinder  and  the  bulb  covered  with  a  piece  of  cotton  waste,  the 
cylinder  being  first  brought  to  rest.  In  order  to  obtain  the  tem- 
perature as  quickly  »»  ponsible  after  the  cylinder  had  been 
brought  to  rest,  it  was  found  advantageous  to  heat  the  ther- 
mometer to  a  temperature  higher  than  that  at  which  the  cylinder 
was  calculated  to  be,  and  allow  it  to  fall  to  the  correct  tempera- 
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ture.  The  temperature  of  the  atmosphere  was  ako  taken.  The 
difference  between  the  two  is  the  rise  in  temperature  due  to  the 
heat  generated  within  the  cylinder. 

Following  is  given  a  table  of   the  data   obtained  by  pursu- 
ing this  method: — 


7S  per  cent. 
Field. 


5"  per  rent. 
Fifld. 


o  i>cr  cent, 
l-irld. 


loo  per  cent.       aoo 
Field.         I    3<x» 

I    4''"' 


loo  WattM. 

*• 


It 
tt 


I    Kw  Watt*. 


3<iO 
300 
400 


»4 
tl 


10  » 

2(.X) 
300 

4«jo 


34  JO 

400 


30CX)  ft.  per  min.;aooo  ft.  |)er  min.|i(>oj  ft.  i>er  min. 


Rise  in  Temp. 

Degrees 

Centifljade. 


Actual. 


Rise  per 

100 
Watts. 


Rise  in  Temp. 

Degrees 

CentiKradc. 


Actual. 


I»cr 
Watts. 


Riw  in  Temp. 

r>e^rees 

OnliKrade. 


i     Per 
Actual.!      icio 
Watts. 


I 


51.0 

»S-5 

57  •" 

28.5 

750 

25." 

ft.).  5 

^7.0 

97.0 

^4.25 

100  Walts. 


26.5 
49.0 
69.0 
92.0 


47.'> 
59-5 
845 


aj5 


43-5 


26.5 

24.5 

2^.<i 

23.0 

20.0 

'.^I.O 


■'3-5 


84.U 
111.0 


2U.O 
52.0 

74  S 

9^.n 


2(>.(t 


■"•75   '     47-^> 


28.25 

28,0 

'•'7-7.S 


29.0 
26.0 

25.t> 

/4  o 


20. 0 

-35 


65.0 
99.0 


35-.S 
t>6.o 
96.0 


:<4-  s 

63.0 
9- -5 


32- 5 

33" 


35-5 

33-0 
32  o 


34-5 
3»-5 
3"- 75 


55-5 


81.0  2U.25 

8«j.«>     '      jo.o  88.0 


22.0     I    107.5 


27- 75 


27.0 


•  -    - 

- 

At 

rest. 

Rise  in 

Temp. 

l>eij 

rees 

C'entijfrade. 

Pr, 

Actual. 

IOi> 

Watts. 

.V'.5 

5C.5 

97" 

485 

55-^> 

55-0 

l'K>.U 

50.0 

55  5 

«.5.5 

9.S  •-> 

»7  S 

.,  5« 

- 

Watts. 

26.0 

52. 

03.0 

4^^  ^ 

01.0 

iy> 

^Two  sets  of  curves  were  plotted  from  the  above  data.  In 
each  set  the  actual  rise  in  temperature  of  the  cylinder  was  plotted 
along  the  vertical.  For  one  set  Fig.  2.  the  total  amount  of  heat 
radiated  per  second  was  plotted  along  the  horizontal,  while  in 
the  second  set  V\^.  3,  the  speeds  were  plotted  as  abscissje. 
Smooth  curves  were  drawn  through  the  points  or  near  to  them; 
the  two  sets  of  curves  forming  a  check  upon  each  other  aided 
greatly  in  drawing  the  curves  correctly. 

In  the  liiixX  table  are  given  the  corrected  results  as  obtained 
from  the  curves,  and  also  the  amount  of  heat  radiated  per  square 
inch  per  degree  rise  in  tem))erature.  The  latter  quantity  was 
obtained  by  dividing  the  total  amount  of  heat  radiated  (in  watt*>) 
by  the   product  of  the  rise  in    temperature  aud  the  area  of  the 


1.    One  group  in  each  set  is  shown. 
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surface  of  the  cylinder  (180  square  inches.)     By  area  of  the  snr- 
face  is  meant  the  total  area  exposed  to  the  atmosphere. 
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From  the  data  giTen  in  the  last  table  three  sets  of  cnrTce  were 
plotted.  One  set  to  show  the  variation  due  to  the  temperatnre, 
another  the  eSect  of  speed  in  the  amount  of  beat  radiated,  and  the 
third  showing  the  effect  of  tlie  tieldi*. 

We  eome  first  to  a  consideration  of  the  effeet  of  temperature 
on  the  amount  of  heat  liberated  per  si^uai-e  inch  per  degree  rise 
in  temperature.  This  is  shown  in  Figs.  4.  5,  (i  and  7.  The 
curves  plotted  in  these  tigures  siiow  the  I'clation  of  the  tempera- 
ture (plotted  along  the  vertical),  to  the  Hinonnt  of  heat  liberated 
per  square  ineli  per  degree  rise  in  temperature  (plotted  along  the 
horizontal).  In  Fig  4  are  »liown  four  cnrves,  T,  II.  Ill  and  IV 
4>btained  with  the  100<,',  75;^,  50;^  and  zero  fields  reBpectively,     All 
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are  with  a  peripheral  velucitv  of  ;J,000  ft.  per  minute,  or  about 
18(t5  revolutions  per  minute.  All  uf  tbeae  cui-ves  are  of  the 
same  general  form,  curve  I  being  tlie  stee)>ewt,  and  the  others 
lees  and  less  so  in  the  order  in  whi(.-h  tliey  nm.  On  examination 
we  can  very  readily  see  that  aw  the  rise  in  tem|ienitnre  increases, 
tlie  amount  of  beat  nwliated  per  si|.  incli  |H.'r  degree  rise  in  tem- 
perature also  increases,  but  the  I'ate  of  increase  dimininbes.  It 
seems  probable  from  the  cnrves  obljiined,  tliat  somewhere  along 
them  the  rate  of  increa-<c  becomes  zero  ;  tbat  is  tlie  amount  of 
heat  liberated  per  6<|.  incli  per  degree  rise  in  temperature  becomes 
constant,  and  the  total  amount  of  heat  liljeruted  will  tliu.-^  becom« 
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proportioned,  at  the  higher  teiiiperaturee,  to  the  rise  in  teinpen- 
ture.  But  this  point  is  probably  far  beyond  the  range  of  tem- 
peratnres  allowable  in  armatures.  In  the  experiments  it  wi8 
found  that  the  hard  rubber,  used  for  insidation,  became  quite 
soft  at  about  140°  centigrade. 

A  study  of  Figs,  5,  6  and  7  l»rings  us  tu  tlie  same  fjonclneion. 
In  Fig.  5  arc  plotted  curves  similar  to  the  preceding,  l>nt  with  t 
peripheral  velocity  of  '2,000  ft.  |kt  miinite,  which  is  a  Bpeedof 
1263  revobitions  per  itiimite.  In  tliese  aw  in  tlie  previous  set  tht 
amount  of  Iiciit  liberated  per  &[.  inch  per  degn-e  rise  in  tempera- 
ture increasep  as  the  temperature,  bnt  tiie  rate  of  increase  gradn- 
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ally  diminishes.  In  tlic  |n-eviijii^  cnse  wo  found  that  the  curves 
became  lesH  steep  as  the  amonitt  of  the  armature  covered  by  the 
field  became  less.  In  this  (taste,  liowcver.  the  curves  bcfrome  very 
nearly  parallel,  except  in  the  ease  of  curve  IV.  which  seem"  to 
follow  rather  an  opposite  law  (if  it  may  he  so  called),  that  is,  it 
becomes  less  steep  than  any  of  the  other  curves,  loss  st«ep  even 
than  that  plotted  for  no  tield. 

We  also  ascertjiiu  from  this  uet  of  I'urves  a  fact  that  at  first 
seems  rather  remarkable,  namely,  that  tmrve  IV  crosses  cnrve 
III ;  which  means  that  while  at  the  lower  temperatares  the 
amount  of  heat  radiated   with  the   ton   per  cent,  field,  is  lesE 
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than  that  radiated  with  the  75  per  cent,  field,  at  the  same 
temperatnre,  still  as  the  rise  in  temperature  increases,  these  two 
qoantities  gradually  approach  each  other,  ])eeome  equal,  and  then 
the  amount  of  heat  liberated  with  the  iOO  percent,  field  becomes 
greater  than  the  amount  liberated  with  the  75  per  cent,  field. 

The  curves  plotted  in  Fig.  6  are  for  a  peripheral  velocity  of 
1,000  feet,  per  minute  or  a  speed  of  632  revolutions  per  minute. 
Here  again  we  notice  the  same  effect  of  temperature  as  in  the 
previous  case,  and  also  the  same  peculiarity  as  regards  the  posi- 
tion of  the  curve  for  the  100  per  cent,  field.  In  this  case,  how- 
ever, the  curve  for  the  100  percent,  field  lies  entirely  to  the  right 
of  the  curve  for  the  75  per  cent,  field,  except  for  very  small  rises 
in  temperature  when  it  almost  coincides  with  curve  III.  When 
we  compare  the  curves  shown  in  Figs.  4,  5  and  (>,  we  find  that  as 
the  speed  is  decreased,  the  difference  between  the  curves  for  no 
field  and  for  the  50  per  cent,  field  becomes  greater  as  compared 
with  the  difference  between  the  50  per  cent,  and  75  per  cent, 
fields. 

In  Fig.  7  are  shown  curves  similar  to  the  above,  but  with  the 
cylinder  at  rest,  that  is  with  a  zero  peripheral  velocity.  We  see 
from  these  that  the  curve  for  the  100  per  cent,  field,  lies  entirely 
to  the  right  of  the  curve  for  the  75  per  cent,  field,  which  means 
that  theamount  of  heat  liberated  at  any  temperature,  is  greater  with 
the  former  than  with  the  75  per  cent.,  at  the  same  temperature. 

By  comparing  these  four  sets  of  curves  (those  given  in  Figs.  4, 
5,  6  and  7)  we  find  that  as  the  speed  is  increased,  the  amount  of 
heat  liberated  per  square  inch  per  degree  rise  in  temperature  is 
also  increased ;  and  that  the  rate  of  increase  in  the  amount  of 
heat  liberated  in  any  given  case  becomes  smaller  as  the  speed  is 
increased.  This  is  evident  from  the  fact  that  with  the  lower  peri- 
pheral velocities  the  curves  are  steeper,  or  are  more  nearly  perpen- 
dicular to  the  horizontal,  at  the  higher  temperatures. 

In  every  one  of  the  preceding  cases  (16  in  number),  that  is, 
with  every  speed  and  every  field,  we  find  that  as  the  rise  in  tem- 
perature increases,  the  amount  of  heat  liberated  per  degree  rise 
in  temperature  also  increases ;  and  the  rate  of  increase  in  the 
amount  of  heat  liberated  decreases  as  the  rise  in  temperature 
increases. 

Owing  to  the  fact  that  the  smallest  amount  of  heat  generated 
in  the  cylinder  during  any  run  was  100  watts,  the  curves  are  not 
aoeorate  below  a  corresponding  ])oint.    The  above  amount  of 
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heat  gave  under  the  moat  favorable  condition  a  rise  in  tempen- 
tnreof  23.5°  centigrade  as  a  miniTnuin.  Of  conrse  in  drawing  the 
curves  as  sliown  in  Fig.  2  all  should  go  through  the  origin,  bnt 
the  exact  curvatures  between  the  points  for  100  watte  and  the 
origin  are  somewhat  uncertain.  NeverthelesB  the  portions  of  the 
curves,  below  tlie  points  mentioned  above,  must  be  approximate!; 
correct.  All  the  poiuts  of  the  curves  below  25.5°  to  30°  C.  io 
Figs.  4, 5, 6  and  7  were  plotted  by  calculating  from  points  obtained 
from  such  curves  as  are  shown  in  Fig.  2. 
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It  is  probable  that  all  of  the  cnrvoH  t^liowu  in  Figs.  4. 5.  6  and  •> 
pass  through  the  origin  ;   tlie  cal<-ulatiiins  indicate  tliat  tliev  do  ' 
But  if  wecalciiJatu  the  [>oirit  at   which  the  curve  cuts  the  hori^' 
zontalaxis.  vfcriiid  that  it  is  indeteniiinato.     Heeause  the  cylinder' 
doeH  not  radiate  anv  lieat  when  itt  rise  in  tuinperature  is  zero,  ir 
does  not  follow  tliat  thuamoniit  of  beat  liberated  per  degree  risw 
in  temperature  at  that  point  in  zero.     Tlie  (-nrve  cannot  cut  tlie 
vertical  axis  ttitber  above  orbelow  theitrigin,  nor  the   bonEontal 
axis  to  the  left  of  the  origin.     If  the  curve  cut  the  axis  above  the 
origin,  the  evlinder  would  radiate  no  heat  when  its  temfierature  was 
al)Ove  that  of  the  atmosphere.     It  cannot  cut  the  vertical  l)elow 


•mnrSRHAN  ON  HBATINQ  OF  ARMATURES.  847 

rigin  for  a  Bimilar  reason.  And  it  cannot  cut  the  horizontal 
a  left  of  the  origin  for  in  that  case  it  must  necflssarily  cut 
ertical.  There  is  a  curve  (perhaps  similar  in  form  to  those 
n)  lying  below  the  horizontal  and  to  the  right  of  the  vertical 
showing  the  effect  of  temperature  on  the  amount  of  heat 
ted  or  rather  absorbed  when  the  temperature  of  the  cylinder 
low  that  of  the  atmosphere.  This  curve  must  lie  to  the 
of  the  vertical,  because  the  rate  at  which  heat  is  radiated 
be  a  positive  quantity.  And  it  seems  probable  that  the 
tranches  of  the   curve  form  a  cusp  on  the  horizontal  axis, 
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vhether  this  cnsp  is  or  is  not  at  the  origin  we  cannot  say 
vely. 

Bse  curves  also  show  that  if  the  rise  in  temperature  is  smalli 
noont  of  heat  lilierated  is  also  small,  and  most  of  the  hea- 
ated,  aids  in  raising  the  temperature  of  the  cylinder  or  that 
armature.  But  as  tlie  temperature  increases,  the  amount  of 
iberated  becomes  very  irinch  greater,  and  but  a  small  port 
ids  in  raising  the  temperature  of  the  armature.  Tliie  is  one 
I  for  the  great  length  of  lime  necessary  to  obtain  constant 
ffatare. 
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We  come  now  to  a  consideration  of  the  elBEect  of  the  field  in  the 
amount  of  heat  radiated  or  liberated  from  an  armature  surface. 
From  the  set  of  curves  just  discussed,  points  were  taken  at  25 
degrees  rise,  at  50  degrees   rise,  at   75  degrees  rise  and  at  100 
degrees  rise  in  temperature  and  another  set  of   curves  plotted 
from  these  points  with  the  amount  of  heat  liberated  per  sq.  inch 
degrees  rise  in  temperature  as  ordinates,  and  the  per  cent,  of 
the  cylindrical  surface  of  the  armature  covered  by  the  poles  is 
plotted  along  the  horizontal.     In  Fig.  12  are  plotted  curves  for  a 
peripheral  velocity  of  3000  ft.  per  minute.     Curve  1  shows  the 
relation  between  the  amount  of  heat  liberated  per  sq.  inch  per 
degree  rise  in  temperature  and  per  cent,  of  cylinder  covered  by 
the    poles   when    the    temperature    of  the    cylinder    is    100^ 
centigrade  above  that  of  the  atmosphere.     Curves  II,  III  and  IV 
show  similar  relations  when  the  rise  in  temperature  is  75°,  50° 
and  25°  respectively.     All  of  these  curves  are  similar  in  charac- 
ter and  are  very  nearly  straight  lines.     In  fact  for  all  practical 
purposes   we  would  not   be   far   wrong  in   calling  them  such. 
Curve  II  is  perhaps  of  the  most  value  of  the  four,  as  a  rise  of 
75°   G,  above  the  temperature  of    the  dynamo-room    may  be 
assumed  as  a  safe  rise  in  temperature  of  an  armature.     With  no 
field,  we  find  that  the  amount  of  heat  liberated  per  sq.  inch  i>er 
degree  rise  in  temperature  is  0.0275  watts  and  with  the  100  per 
cent,  field  the  heat  radiated  is  only  0.0222  watts  per  sq.  inch 
per  degree  rise  in  temperature;  which  gives  a  variation  due  to 
the  field  of  about  20^  in  the  amount  of  heat  liberated  by  the 
armature.     That  is,  the  amount  of  heat  liberated  with  the  lOOjJ 
field  is  20^^  less  than  the  amount  liberated  when  no  field  is  used. 
This  great  variation  should  be  of  value  to  the^^engineer  in  the 
design  of  electrical  maehinery. 

In  Fig.  13  we  have  a  set  of  curves  similar  to  the  last  in  con- 
struction, but  entirely  different  in  shape.  The  peripheral  veloc- 
ity in  this  case  is  20()()  feet  per  miinite.  We  no  longer  find 
curves  of  single  curvature,  nor  do  they  (except  No.  IV.)  even 
approach  straight  lines.  In  curves  III.  and  lY,,  plotted  for  a 
rise  in  temperature  of  50  degrees  and  25  degrees  respectively, 
we  find  in  IV.  that  the  amount  of  heat  libei*ated  with  the  100 
per  cent,  field  is  less  than  that  liberated  with  the  75  per  cent, 
field,  and  in  curve  III.  the  amount  liberated  with  the  100  ])er 
cent,  field  is  just  equal  to  that  liberated  with  the  75  per  cent 
field.     And  when  we  come  to  consider  curve  Xo.  II.,  plotted  for 
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a  rise  of  75°  C,  we  lind  that  we  hava  more  heat  liberated  with 
the  100  per  cant,  field  than  with  the  75  per  cent,  field  ;  and 
similarly  with  curve  I.,  for  a  rise  of  100°  centigrade.  The  above 
13  apt  to  give  ri»e  to  many  questions  an  to  the  reason  for  the 
above  results.  P'ollowing  we  give  what  appears  to  us  a  satisfac- 
tory explanation.  We  will,  however,  leave  others  to  judge 
whether  it  is  or  not,  giving  all  the  facts  of  the  chkc  to  aid  in  the 
determination. 

Part  of  the  heat  liberated  from  hii  armature  leaves  it  by  radia- 
tion, convection  eurrentit,  etc.,  and  part,  by  radiation  and  conduc- 
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tion.  The  poles  or  fields  play  a  double  part.  In  the  first  place, 
they  prevent  the  escape  of  heat  from  the  armature  surface  by 
destroying  convection  currents,  and  by  interposing  a  warm  sur- 
face very  near  to  the  armati're ;  and  secondly,  they  aid  in  carry- 
ing away  a  certain  amount  of  heat  by  radiation  aQ<l  conduction. 
Daring  the  first  portion  of  a  run.  or  in  starting  up  a  dynamo, 
the  fields  being  at  the  temperature  of  the  room,  and  good  con- 
ductors of  heat  aid  materially  in  keeping  down  the  temperature 
of  the  armatare,  by  carrying  off  the  heat  produced,  but  as  they 
become  warmed  up  there  is  no  longer  the  same  tWf^cTewiQ  o\ 
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temperature  Iwtween  the  iielduaiid  tlte&miatnre,and  they  ratber 
prevent  than  aid  in  the  lihcration  uf  lieat.  Tlie  fact  that  the  lieUi 
become  warm,  and  eren  hot,  shows  very  plainly  that  they  urn' 
away  a  certain  portion  of  heat  frtmi  the  armature,  if  we  in- 
crease the  external  Hurface  of  the  fields  (that  uot  next  to  tbe 
armature),  why  should  they  not  carry  Hway  more  beat  from  tlie 
annaturei  They  would  certainly  radiate  more  heat  aud  thtu 
present  a  cooler  Hui-face  to  the  armature,  and  the  armature  would 
in  turn  radiate  more  heat  and  its  temi>oratnre  be  kept  lower. 
Therefore  if  we  liave  two  pairs  of  lields,  each  pair  covering  an 
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equal  amount  of  the  armature,  but  one  having  a  greater  radiating 
surface  than  the  other,  we  should  expect  that  the  armature  would 
radiate  more  heat  when  the  Held  having  the  greater  radiating 
surface  was  used.  If  the  above  is  true,  aud  it  seemi  reasouablei 
there  is  no  reason  why  we  sliould  not  be  able  to  construct  a  fieW 
with  a  radiating  surface  sutliciently  great  so  that,  although  it 
covered  more  of  the  armature,  it  would  still  keep  the  armature 
at  a  lower  temperature  than  some  other  lield  which  covered  * 
smaller  percentage  of  the  armature.  In  the  experiments  made,  the 
external  surface  of  the  100^  fields  was  considerably  greater  than 
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tliat  of  any  of  the  other  fields.  And  the  above  explanation  will 
apply.  It  may  be  asked,  why  ehoald  the  100  per  cent,  field 
radiate  more  heat  than  the  75  per  cent,  field  at  75°  rise  and  100° 
rise  ia  temperature,  when  at  25°  riae  the  amonnt  of  heat  radiated 
with  the  100  per  cent,  field  i^  less  than  that  radiated  with  the 
75  per  cent,  field?  The  reaaoii  is  that  when  the  riae  in  tempera- 
ture is  greater,  the  amount  of  heat  radiated  per  degree  riae  is 
greater,  and  the  difference  in  the  amount  of  heat  radiated  for  a 
given  rise  in  temperature  in  less  with  the  To  per  cent,  than  with 
the  100  per  cent,  field. 
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When  we  examine  the  cunres  in  Fig.  14,  plotted  for  a  periph- 
eral velocity  of  lOOO  ft.  per  min.,  we  again  find  the  same  effect 
of  difference  of  temperature.  But  in  thin  chso  all  of  tJie  curves 
are  of  single  curvature  and  concave  upward.  As  in  the  prece- 
ding case  the  amount  of  heat  liberated  at  higher  rises  in  temper- 
itnre  is  greater  for  the  100  per  cent,  than  for  the  75  per 
«Dt.  field.  The  curves  are  all  very  nearly  parallel  to  each  other 
ud  the  greatest  difference  between  the  amount  of  heat  liberated 
with  the  76  and  the  100  per  cent,  fields  is  0.nu04  watts  per  sq. 
inch  per  degrve  riae  in  temperature. 
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By  SQ  eznmination  of  tlie  ourves  shown  in  Fig.  15  we  find  n- 
Baits  Bimilar  to  tlie  al)Ove,  but  tlie  curved  h&re  a  double  cnrvitnre, 
being  at  first  concave  dowiiwaiil,  and  changing  gradually  until 
they  become  concave  upward.  There  is  some  uncertainty  is  to 
the  curves  plotted  in  Fig.  15.  It  was  found  quite  difficultto 
obtain  con^^tant  tenii>eratnre  when  the  cylinder  was  at  rest.  Tbe 
temperature  of  the  atmosphere  would  sometimes  fall  several  de- 
grees, and  the  cylinder  l)cing  as  rest,  the  time  necessary  for  it 
and  the  fieldi:  tu  fal)  to  the  projter  tempei'atnre  was  considerable. 
For  this  reason  tlie  figures  are  perlmpti  somewhat  inaccarate. 

If  we  coiiipara  now  the  curves  in  Figs.  1:2,  13,  14  and  15  we 
find  that  with  a  peripheral  velocity  of  3,000  ft.  per  mhiuteve 
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have  more  heat  liberated  with  the  75  i>er  cent,  than  with  tlie  100 
per  cent,  field,  while  in  jill  the  other  cases,  at  the  higher  temper- 
atures, the  opposite  is  true.  The  reason  for  tliis  is  that  at  the 
higher  |)erii)heral  velocities  the  convection  currents  are  greater 
and  the  field  plays  a  smaller  part  in  the  amount  of  heat  liberated. 
Whether  the  above  explanation  holds  or  not,  there  is  of  course 
the  possibility  of  error  in  the  ex])erimental  work.  There  must 
necessarily  Ikj  some  iiiaccurai^y  when  the  results  depend  upon  the 
measurement  of  BO  many  quantities.  An  error  of  two  or  three 
degrees  would  reverse  many  of  the  results  obtained.  If  in  .ob- 
taining the  tem{>erature  of  the  cylinder  for  the  runs  with  the  100 
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per  cent,  field  an  error  was  made,  and  if  the  temperature  actn 
ally  found  was  but  a  few  degrees  too  low,  this  would  account  for 
the  peculiarity  observed 

We  ex)rae  next  to  the  discussion  of  the  effect  of  speed  on  the 
amount  of  heat  radiated.  The  points  used  in  plotting  the  last 
set  of  curves  were  used  to  plot  another  set,  in  which  the  amount 
of  heat  liberated  per  sq.  inch  per  degree  rise  in  temperature  is 
plotted  along  the  vertical  and  the  peripheral  velocity  in  ft.  per 
minute  along  the  horizontal.  These  curves  are  shown  in  Figs.  8, 
9,  10  and  11.  In  Fig.  8  are  plotted  four  curves,  all  from  data  ob- 
tained with  the  zero  field.  Curve  I  shows  the  variation  in  the 
amount  of  heat  liberated  per  degree  rise  in  temperature,  due  to  a 
variation  of  the  speed,  for  a  rise  in  temperature  of  100  degrees 
C,  Curve  II,*III  and  IV  show  similar  variations  for  rises  in 
temperature  of  75°,  50'^  and  25°  centigrade  respectively.  A  study 
of  these  curves  shows  that  at  the  lower  peripheral  velocities, 
the  amount  of  heat  liberated  per  sq.  inch  per  degree  rise  in  tem- 
perature varies  considerably  for  a  slight  increase  in  speed,  but  this 
rate  of  increase  in  the  amount  of  heat  liberated  per  sq.  inch  per 
degree  rise  in  temperature  falls  off  rather  rapidly  as  the  speed 
increases.  Taking  curve  No.  I,  for  instance,  which  shows  the 
amount  of  heat  liberated  when  the  rise  in  temperature  is  100°  C. 
we  find  that  the  amount  of  heat  liberated  persq.  inch  per  degree 
rise  in  temperature  is  0.0122  watts  when  the  speed  is  zero.  At 
1,000  feet  per  minute  the  amount  radiated  becomes  0.0205  watts, 
nn  increase  of  68  per  cent,  on  the  amount  liberated  at  zero  speed. 
At  two  thousand  ft.  per  minute  this  quantity  becomes  0.0257 
watts,  an  increase  of  27  per  cent,  of  that  liberated  at  1,000  ft., 
and  an  increase  of  nearly  111  percent,  above  the  amount  liberated 
at  zero  speed.  Again  at  3,000  feet  we  find  an  increase  of  only 
12  per  cent,  over  the  amount  liberated  at  2,000  ft.  per  minute. 
When  we  make  a  similar  study  of  No.  IV  we  find  that  the  in- 
crease in  the  amount  of  heat  liberated  in  nearly  75  per  cent,  from 
zero  to  1,000  ft.  per  minute.  But  this  falls  to  an  increase  of  only 
about  19  per  cent,  between  1,000  and  2,000  ft.  per  minute  and 
drops  still  lower,  to  an  increase  of  less  than  8  per  cent,  between 
2,000  ft.  and  3,000  ft.  per  minute.  From  the  above  we  find  the 
total  incredse  in  the  amount  of  heat  liberated  to  be  in  the  first 
ease  136  per  cent.,  and  in  the  second  the  total  increase  in  the 
amount  of  heat  liberated  between  zero  speed  and  3,000  feet  per 
rnin*  ia  128  per  cent.    The  intermediate  cases,  cxxrve^  IW  wcA^^ 
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give  valueB  between  these  two.  Making  a  similar  calcnlatioD  for 
the  cnTTes  in  Fig.  9,  obtained  with  the  50  per  cent,  field,  we  find 
that  the  increase  in  the  amount  of  heat  liberated  per  degree  rise 
in  temperature  when  the  temperature  is  100^  C,  is  between 
zero  and  1,000  ft.  per  min.,  56  per  cent,  between  1,000  ft.  wid 
2,000  ft.  per  min.,  26  per  cent,  and  between  2,000  and  3,000  ft. 
per  min.,  the  increase  is  only  11  per  cent.,  giving  a  total  increait 
between  zero  and  3,000  ft.  per  min.  of  125  per  cent.  And  when 
the  rise  in  temperature  is  25°  centigrade  the  total  ijicreau 
in  the  amonnt  of  heat  liberated  is  120  per  cent,  (between  zen> 
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and  3,000  ft.)  which  is  divided  up  as  follows; — 60  per  cent.  1)6- 
tween  zero  and  1,000  ft.,  22  per  cent,  between  1,000  and  2,000 
ft.,  and  13  per  cent,  between  2,0ii0  and  3,000  ft.  per  min.  A 
similar  Btudy  of  tlie  curves  for  the  75  ])er  cent,  field,  shown  in 
Fig.  10.  gives  ua  the  following  results  i^When  the  rise  in  tem- 
perature is  100°  C,  the  total  increage  in  the  amount  of  heat 
liberated  between  zero  speed  and  3,00<t  ft.  per  minute  per  degree 
rise  iu  temperature  is  123  per  cent.,  which  increase  is  divided  up 
in  the  following  way  : — Itetwecii  zero  aitd  l.OOO  ft.  the  i 
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U  a9  per  ceDt.,  between  1,000  ft.  &Dd  3,tK>0  ft.  per  min.  the  in- 
crease IB  but  22  per  cent.,  and  between  2,000  ft.  and  3,000  ft.  the 
increase  falls  to  17  per  cent.  When  the  rise  in  temperature  is  25 
degrees  centigrade  the  increase  in  tlie  amount  of  heat  radiated 
per  sq.  incti  per  degree  rise  in  teuiperatare  is  12G  per  cent,  be- 
tween zeru  and  3,<'il0  ft.  per  min.  Thiij  increase  is  made  up  as 
follows  : — From  zero  to  1,000  ft.,  an  increase  of  06  per  cent, ; 
from  1,000  ft.  to  2.00a  ft.  per  min.,  2U  per  cent.,  and  from  2,000 
ft.  to  3,000  ft,  per  niin,,  an  increase  of  but  1+  per  cent,  in  the 
amount  of  lieat  radiated  per  degree  rise  in  temperature.  We  find 
similar  results  from  the  curves  plotted  for  the  100  per  cent,  field 
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and  shown  in  Fig.  11.  When  the  rise  in  temperature  is  100° 
C.  we  have  an  increase,  between  zero  and  3,n00  ft.  per  min. 
of  100  percent,  in  tbe  auiount  of  beat  liberated  per  stj.  inch  per 
degree  rise  in  temperature ;  the  increase  at  3,000  ft,  per  min.  is 
hut  60  per  cent,  of  the  total  amount  liberated  at  2,000  ft.  per  min. 
When  the  rise  in  temperature  is  25^  C.  we  find  au  increase  of 
106  per  cent,  between  zero  and  3,000  ft.,  the  increase  at  3,000  ft. 
being  only  11  per  cent,  of  the  total  amount  per  degree  rise  Ub- 
erated  at  2,000  ft.  per  min.  In  these  curves  also  we  notice  the 
rapid  decreaoe  of  the  rate  of  increase  in  the  amount  of  heat 
liberated  p«r  degree  rise  in  teuiperatnre  as  the  speeOk  '\t\>^T««i;b(i&. 
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In  tlie  api>arahis  used,  the  ares  of  the  curved  surface  of  the 
cylinder  iB  12/t  sq.  inches,  its  radius  being  3^  inches  and  ite 
length  6t\  inches.  Tlic  area  of  the  two  ends  is  57  sq.  inchex, 
with  a  mean  radius  of  abont  two  inches.  When  the  peripheral 
velocity  of  the  cylindrical  surface  of  the  cylinder  is  3000  ft.  per 
min,,  the  mean  velocity  of  the  ends  is  about  aOOO  ft.  per  min. 
As  tlie  heat  liberated  at  3000  ft.  is  considerably  greater  than  tiiat 
liberated  at  2000  ft.,  the  jjeripltcral  velocities  given  in  the  curves 
are  not  the  tnie  iieripheral  vel<)citieB  of  the  entire  surface  of  the 
cylinder,  or  in  other  words,  the  amount  of  heat  liberated  would 
be  greater  if  all  portions  of  the  cylinder  revolved  at  the  esme 
peripheral  velocity.     We  can,  however,  by  a  few  trials,  determine 
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what  would  be  the  amount  of  heat  liberated  for  any  given  case 
if  every  point  of  the  cylinder  revolved  at  the  same  peripheral 
velocity.  We  will  make  this  determination  for  one  case;  that 
with  no  Held  when  the  rise  in  temperature  is  100"  C. 

For  this  case  the  amount  of  heat  liberated  per  sq.  inch  per 
degree  rise  in  temperature,  for  3000  ft.  per  min.  is  0.0288  watts, 
and  that  liberated  at  2000  ft.  is  0.0257  watts,  a  difference  of  12 
per  cent,  on  the  latter  quantity.  If  we  multiply  0.0288  by  123. 
the  area  of  the  curved  surface,  the  total  amount  of  heat  liberated 
by  this  portion  of  the  cylinder  jjcr  degree  rise  in  temj>erature  is 
3..54  watts,  and  similarly  that  liberated  by  the  ends  whose  periph- 
eral velocity  is  2000  ft.  per  min.  is  0.257  X  ^>^  =  1.16  watts, 
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and  the  total  beat  liberated  by  the  cylinder  per  degree  rise  in 
temperature  is  5.00  watts.  Dividing  tiiis  quantity  by  180  (the 
total  area  of  the  cylinder  in  sq.  inches),  we  have  for  the 
heat  radiated  per  sq.  inch  per  degree  rise,  0.02782  watts.  This 
quantity,  as  was  to  be  expected,  is  less  tlian  that  actually  found. 
Subtracting  0.02782  from  0.0288  we  have  0.00098  watts.  If  we 
now  increase  the  quantity  0.02SS  by  this  amount,  and  the  quan- 
,  100 


values    very   nearly   correct   for   their  respective   speeds.     The 

reason  that  the  quantity  i'.0257  is  increased  by  |^  of  0.00098 

is  that  the  amount  liberated  per  degree  rise  in  temi)erature  is  12 
percent,  greater  at  300O  ft,  per  niin.  than  at  2000  ft.  Using 
the  figures  found  above,  we  will  now  ajiply  them  to  the  cylinder 
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used,  and  we  find  that  the  amount  of  heat  liberated  at 

30fK)  ft.  is  0.02978  watts  per  sq.  in.  per  degree  r 
and  at  2000  "   "  0.02668     "       "     "     "     " 
The  heat  liberated  from  the  curved  surface  = 

0.02978  X  123  =  3.663  watts, 
Hnd  from  the  ends  of  cylinder  = 

0.02668  X  -i?  =  1.521  watte. 

Or  a  total  radiation  from  tlie  cylinder  of  5.184  watts  per 

rise  in  temperature.     And  the  radiation  per  sq.  inch  = 

^.184 

180 

the  figure  obtained  by  expeririient. 


:  0.0288, 
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Hence  the  amount  of  heat  liberated  per  degree  rise  in  tem- 
perature from  a  surface,  every  portion  of  which  is  revolving  at 

3000  ft.  per  min.  is  0.02978  watts  per  sq.  inch,  and  at 
2000  "     "      "      "  0.026r)8      "       '"     "       " 

From  this  we  see  that  under  the  most  favorable  conditions,  the 
amount  of  heat  liberated  from  a  drum  armature  of  a  bii>olar 
machine  is  0.03  watts  per  sq.  inch  per  degree  rise  in  tempera- 
ture. The  increase  at  3000  ft.,  due  to  the  above  correction,  is 
about  3.5  per  cent. 

It  was  our  intention  to  find  if  possible  the  effect  of  the  air 

space  between  the  armature  surface  and  the  pole  faces  but  the 

great  amount  of  time  necessary  for  tlie  determination  prevented 
us  from  attempting  it.  The  air  space  in  the  apparatus  used  was 
slightly  more  than  ^^  of  an  inch.  But  it  is  probable  that  with 
an  increased  air  space  the  effect  of  the  field  in  preventing  the 
radiation  of  heat  would  be  less  marked. 

To  sum  up  the  results  obtained  we  would  state: 

First — That  an  increase  in  the  temperature  of  the  armature 
causes  an  increased  radiation  of  heat  per  degree  rise  in  tempera- 
ture, but  that  the  rate  of  increase  diminishes  as  the  temperature 
increases,  and  that  an  increase  in  the  amount  of  heat  generated 
in  an  armature,  increases  the  temperature  of  the  armature,  but 
less  than  proportionately. 

Secondly — That  the  effect  of  the  field  is  to  prevent  the  radia- 
tion of  heat.     As  the  amount  of  the  armature  covered  by  th< 
field  is  increased,  tlie  amount  of  lieat  radiated  per  degree  rise  ii 
temperature  becomes  less.     If  not  true  for  all  speeds  it  is  for  tl^   ^ 
higher  speeds  at  least.     And  it  has  ])een  found  to  be  true  in  evet"^^ 
case  where  the  rise  in  temperature  was  less  than  50°  C. 

Thirdly — That,   as   the  peripheral  velocity   is  increased,  t 

amount  of  heat  liberated  per  degree  rise  in  temperature  is 

creased,  but  the  rate  of  increase  becomes  less  as  we  increase  t- 
peripheral  velocity  The  effect  of  speed  is  very  marked  and  t' 
above  law  was  found  to  hold  in  every  case. 

Fourthly — That  the  highest  radiation    that  can  be  obtaim 
from  a  drum  armature  of  the  ordinary  construction  (^and  of  tl 
size  used)  is  about  0.03  watts  per  sq.  in.  per  degree  rise  in  tei 
perature,  when    that    rise   in    temperature    is    not    over    lOC^ 
centigrade. 

Physical  Laboratory  of  Cornell  University, 
May  18,  1898. 


1.  It  is  probable  that  in  larger  machineH  the  amount  of  heat  liberated  woul<^ 
be  greater  in  almost  every  case,  than  the  figures  obtained.     The  reason  for  ihh* 
supposition  is  that  each  sq.  in.  of  surface  of  the  armature  of  a  larger  dynamo 
presents  very  much  more  than  one  sq.  in.  of  radiating  surface.     This  is  due  to 
the  fact  that  the  conductors  are  lar«^er.     Besides  presenting  a  larger  radiatiD<r 
surface  the  interstices  between  the  wires  cause  greater  convection  current.**,  and 
thus  give  an  additional  means  of  escape  for  the  heat  generated. 
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Business  Proceedings. 

HE  President  : — The  final  report  of  the  tellers,  I  believe,  is 

ready. 
'r.  T.  C.  Martin  : — Mr.   President  and   Fellow   Members : 

statistical  return  appended  to  our  report  ^ves  the  followinpj 
Its.     I  might  say  that  we  have  the  results  inclusive  of  every 

counted,  but  I  do  not  think  it  will  be  necessary  to  go  into 
ils,  as  some  fifty  or  sixty  members  have  been  voted  for  and 
votes  run  down  in  several  cases  as  low  as  one  vote,  and  I  think 
ould  be  more  amusing  to  read  that  in  print  than  to  hare  me 

it. 
[r.  Martin  then  read  the  following  report : 

Tellers'   Report. 


Of  the  ballots  received  there  were  counted 427 

tjected — 

Unidentified 24 

Duplicates,  including  one  change  without  stating  what  he 

wanted 14 

Not  on  list I 


Total  of  ballots  received 466 


FOR  PRESIDENT. 


in  J.  Houston 236 

nas  D.  Lockwood 145 

1  Thomson 9 

laTesla 8 

ard  L.  Nichols 7 

s  Duncan 4 

am  A.  Anthony 3 

am  J,  Hammer 3 


Thomas  A.  Edison 2 

William  E.  Geyer 2 

G.  A.   Hamilton 2 

A.  E.  Kennelly 2 

Frank  J.  Sprague 2 

Charles  F.  Brush i 

Carl  Hering i 


FOR  VICE-PRESIDENTS. 


iTard  Leonard 332 

.   Delanv 340 

am  Wallace 220 

in  J.  Houston 138 

laTesla     27 

.   Kennelly 25 

.Hamilton 15 

s  Duncan 13 

Mailloux II 

•is  T.  Ryan 11 

.Martin 10 

.  Crocker 9 

I.  Ayer 8 

.  R.  Cross 8 

ard  L.  Nichols 8 

isend  Wolcott 8 

Field 6 

la  Gray 6 

klin  L.  Pope 6 

Pupin 6 

.    Reist 6 

>h  Wetzler     6 

Shallenberger 5 

Steinmetz 5 


Park  Benjamin 4 

Leo  Daft 4 

Wm.  E.  Geyer 4 

E.  Wilbur  Rice,  Jr 4 

J.  H.  Vail 4 

Chas.  E.  Emery 3 

F.  B.  Herzog 3 

E.  P.  Roberts 3 

Louis  Bell 2 

J  as.  E.  Denton 2 

Charles  Cuttriss 2 

C.T.Hutchinson 2 

A.  L.  Rohrer 2 

F.  R.  Upton 2 

C.  F.  Brackett 

Alfred  S  Brown 

.  J.  Carty     

C.  Chamberlain 

A.  Colby 

S.  D.  Field 

W.  Howell 

.  W.  Jones 

L.  Stieringer , . . , \ 
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FOR  MANAGERS. 


Harris  J.  Ryan 374 

Charles  Hewitt 365 

J.  J.  Carty 358 

Wm.  J.  Hammer 358 

F.B.Crocker 15 

Cari  Hering 12 

H.  S.  Rodgers  12 

Wm.  Stanley,  Jr 10 

E.  E.  Higg^ns 9 

T.  C.  Martin  9 

H.  F.  Parshall 9 

J.  W.  Lattig 8 

C.  P.  Steinmetz 8 

Franklin  L.  Pope 7 

Joseph  Wetzler 7 

S.   S.  Wheeler 7 

Wm.  A.  Anthony 6 

C.  F.  Chandler 6 

C.T.Hutchinson 6 

Edward  Weston 6 

Dugald  C.  Jackson  5 

G.  W.  Davenport 4 

G.  A.  Hamilton 4 

T.  D.  Lock  wood 4 

Wm.  Maver.  Jr •. 4 

Ernest  Merritt 4 

E.  F.  Peck  4 

J.  H.  Vail 4 

C.J.  Field 3 

S   D.  Field 3 

Wm.  E.  Geyer 3 

W.  T.  Jenks 3 

F.  A.  Pickemell 3 

A.  L.  Rohrer 3 


Albert  Schmid 3 

C.  A.  Terr>' 3 

W.  D.  Weaver 3 

Gilbert  Wilkes 3 

Alex.  J.  Wnrts 3 

Brown  Ayres 2 

E.M.Barton 2 

Park  Benjamin 2 

G.  W.  Blodgett 2 

Alfred  S.  Brown 2 

J.  B.  Cahoon 2 

Charles  Cuttriss  2 

C.E.Emery 2 

F.W.Jones  2 

H.  Ward  Leonard 2 

E.  L.  Nichols 2 

Geo.  M.  Phelps 2 

Chas.  D.  Sham 2 

L.  Stieringer 2 

E.P.Thompson  2 

Townsend  Wolcott  2 

las.  L  Ayer 1 

E.  Berliner i 

E.  A.  Colby  I 

George  Cutter i 

Richard  O.  Heinrich i 

C.  O.  Mailloux i 

Wm.  D.  Marks » 

J.  W.  Howell  '^ 

Samuel  Sheldon ' 

Geo.  D.  Shepardson  \ 

Elmer  A.  Sperry  ^■ 

Edw.  G.  Waters 


FOR  TREASURER. 


George  M.  Phelps 405 

Edward  Weston 10 


F.  B.  Crocker ^ 

T.  C.  Martin ^ 


REMARKS. 

The  irregularities  observed  were  simply  innumerable,  but  every  allow- 
ance was  made  where  the  voter  had  given  any  kind  of  intelligible  indication 
as  to  what  he  wanted. 

A  few  of  the  more  striking  irregularities  deserve  note  as  a  guidance  to 
needed  reforms  in  the  present  system,  which  has  undergone  its  first  trial 
triumphantly  in  calling  out  so  large  a  vote  out  of  a  membership  of  673. 

Several  ballots  indicate  their  preference  by  stars,  without  cancelling  the 
names  not  wished  for,  on  the  straight  ticket.     The  stars  were  counted. 

One  voter  transferred  the  whole  straight  ballot  in  writing  to  another 
sheet  of  paper,  and  enclosed  both  in  the  envelope 

Many  ballots  had  only  one  name  left  under  each  office,  the  idea  being 
evidently  that  only  one  nominee  could  be  chosen. 

Per  contra,  one  member  voted  10  times  for  3  managers  ;  and  another 
member  voted  for  6  vice-presidents  and  10  managers. 

In  several  cases  the  same  nominee  was  voted  for  as  vice-president  and 
president,  or  vice-president  and  manager.  In  these  cases  the  votes  were 
counted  for  the  higher  office. 

It  certainly  deserves  notice  that  13  members,  among  whom  were  found 
professors  in  colleges,  voted  twice  ;  and  that  in  one  instance  the  two  oppos- 
mg  ballots  were  enclosed  in  the  one  envelope.  It  will  have  been  notea  that 
these  ballots  were  all  of  necessity  rejected. 
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The  tellers  arc  glad  that  there  were  only  two  ballots  in  the  field.  The 
work  would  otherwise  have  involved  much  greater  delay  under  the  new 
system.  They  would  recommend  that  the  Election  Rules  be  so  revised  as 
to  limit  the  range  of  choice  in  the  first  nominations  to  the  Council,  so  that 
mere  complimentary  votes  by  the  opportunity  now  given  of  selection  from 
so  miscellaneous  a  list,  may  be  avoided. 

The  tellers  would  add  that  the  figures  in  the  returns  are  fortunately  so 
wide  apart  as  to  be  unaffected  by  any  of  the  decisions  which  they  ventured 
to  make. 

T.  C.  Martin, 
G.  A.  Hamilton, 
Tellers. 
New  York  City   May  17th,  1893. 

On  motion  of  Mr.  Hammer  tlie  report  of  the  tellers  was  ac- 
cepted and  the  tellers  were  discharged  with  thanks. 

Mr.  Mabtin: — Before  we  leave  this  matter  I  would  like  to 
offer  a  resolution  that  a  committee  be  appointed  on  the  revision 
of  the  rules  applying  to  elections.  Dr.  Herzog  informed  me  of 
his  willingness  to  serve  again  in  carrying  out  certain  modifica- 
tions of  the  present  rule  which  I  think  will  be  necessary,  although 
I  think  the  rule  has  in  general  worked  well. 

The  President  : — The  Chairman  would  think  it  the  part  of 
wisdom  to  appoint  the  old  Committee.  Will  the  Institute  take 
that  question  up  ? 

The  Secretary  : — I  do  not  venture  to  speak  for  Mr.  Upton,  as 
he  has  been  quite  ill  for  the  last  ten  days,  but  it  appears  to  me 
there  would  be  no  question  about  liis  willingness  to  servo  when 
he  can  be  communicated  with,  and  1  think  it  would  be  entirely 
competent,  if  he  should  not  be  able  to  serve,  that  some  person  be 
substituted  in  his  place.  The  (^ommittee  will  have  several 
months  to  work  on  the  matter. 

Thb  President: — What  is  your  motion,  Mr.  Martin? 

Mr.  Mariin  : — That  a  Committee  be  appointed  on  the  revision 
of  the  rule  pertaining  to  elections. 

Thk  President: — Unless  the  Institite  wish  otherwise  the 
chair  will  reappoint  the  old  Committee.  The  old  Committee  is 
reappointed. 

Mr.  T.  C.  Martin  reported  the  following  resolution  : 

Resolved  .  That  the  sincere  thanks  of  the  officers  and  members  of  the 
American  Institute  ok  Elkctrical  Enc;ineers  are  hereby  tendered  to  Mrs. 
Charles  A.  Seeley,  of  Mount  Vernon,  X.  Y..  for  her  kincl  remembrance  of 
the  organization,  in  the  presentation  to  the  society  of  an  early  d^Tiamo 
electric  machine  as  completed  by  her  husband  in  the  year  1867. 

Signed,        T.  Commerkord  Martin,  Chairman. 
A.  E.  Kenneli.y, 

E.  T.    BiRDSALL, 

Committee. 

The  Secretary  : — I  move  that  the  report  be  accepted  with 
thanks,  and  the  Committee  discharged. 

The  Presdknt: — If  there  is  no  objection  it  ip  po  ordered. 

Mr.  Hammer  has  asked  the  chair  for  two  or  three  minutes  to 
make  an  announcement. 
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Mb.  Hammer  : — As  representing  the  Committee  of  Wars  and 
Means  in  charge  of  matters  pertaining  to  the  World's  Fair  and 
the  Institute's  official  headquarters  there,  I  wish  to  make  a  brief 
announcement.  The  Committee  has  already  secured  the  assu- 
rance of  our  worthy  President,  of  Prof.  Thomson,  Mr.  Edison. 
Mr.  Edward  Weston,  Mr.  Tesla,  Prof.  Dolbear,  Prof.  Gray,  Mr. 
Berliner  and  others,  of  their  co-operation;  and  we  expect  to  receive 
from  these  gentlemen,  and  have  received  from  some  of  them  al- 
ready, interesting  exhibits  of  a  scientific  and  historical  character. 
The  Committee  has  also  communicated  with  Prof.  Ferraris  with 
the  object  of  securing  the  set  of  apparatus  with  which  he  demon- 
strated his  discovery  of  the  rotary  field  by  alternating  currents 
of  diflEerent  phase.  My  object  in  speaking  of  this  at  prei^entig. 
to  assure  the  Instfiute  that  the  Committee  is  taking  active 
measures  to  have  the  headquarters  made  as  interesting  as  pos- 
sible, and  also  to  secure  from  any  of  the  gentlemen  who  are 
present  at  this  our  Annual  Meeting  any  objects  of  great  scientific 
and  historical  interest  which  can  be  placed  on  exhibition. 

The  President  : — We  have  now  reached  the  final  subject  that 
is  to  be  discussed  in  this  room  preparatory  to  adjournment  to 
Columbia  College.     It  is  the  discussion  of  the  provisional  pnv 

f;ramme  of  the  World's  Electrical   Congress  prepared    by  the 
nstitute's  Committee. 


1898.]  DISCUSSION.  808 

Discussion  of  Electrical   Congress  Programme. 

Mr.  a.  E.  Kennelly: — Mr.  President  and  Gentlemen:  The 
Ohairman  of  the  Sub-Coramitte  on  Provisional  Programme  for 
the  congress  work  being  unavoidably  absent,  I  may  be  permit- 
ted to  offer  a  few  remarks  on  the  subject.  There  will  be,  as 
we  all  know,  a  large  amount  of  work  before  the  Electrical  Con- 
gress this  year  when  it  meets  in  Chicago.  It  will  be  work  of  an 
cinusually  miportant  character,  for  the  reason  that  units  are  in 
demand  whicn  must  either  follow  or  depart  from  the  course  of 
all  the  practical  units  hitherto  created,  and  any  departure  will 
mean  a  certain  variation  in  the  methods  of  dealing  with  electri- 
cal units  and  electricity  as  compared  with  the  methods  of  deal- 
ing with  magnetic  units  or  magnetism.  It  is,  therefore,  with 
very  considerable  interest  that  we  approach  the  problem  which 
the  Electrical  Congress  at  Chicago  will  have  in  hand,  and  it  is 
important  that  we  should  clearly  understand  among  ourselves 
what  the  leading  questions  at  issue  may  he,  and  how  far  the  re- 
sults that  may  be  attained  by  the  Congress  will  interest  us  indi- 
vidually, as  well  as  the  Institute  as  a  body.  It  is  unnecessary 
for  me  to  recapitulate  the  work  that  was  done  so  excellently 
and  faithfully  by  the  Committee  of  the  British  Association  for 
the  Advancement  of  Science,  commencing  its  labors  in  1861  and 
terminating  them  practically  with  the  endorsement  of  the  Con- 
gress of  1889.  There  can  be  little  doubt  that  if  that  Committee 
were  to  undertake  now  the  work  that  it  undertook  in  its  day,  it 
would  introduce  certain  modifications  which  would  have  the  re- 
sult of  making  a  better  and  more  completely  coherent  system  of 
units  than  that  we  now  possess.  But  inasmuch  as  we  cannot 
change  the  past,  and  the  past  is  extremely  creditable,  it  is  useless 
to  speculate  upon  what  might  have  been,  and  it  is  desirable  to 
give  our  attention  to  what  actually  is.  We  have  difficulties  in 
the  magnetic  circuit  of  two  kinds.  One  kind  is  that  we  cannot 
use  the  ampere-turn  directly  as  the  practical  unit  of  m.  m.  f. 
without  a  numerical  coefficient.  We  ought  to  be  able  to  use 
ampere-turns  on  djniamos  as  the  units  of  magneto-motive  force, 
if  the  purposes  of  convenience  in  that  unit  alone  were  consid- 
ered. We  cannot  consider  the  convenience  of  one  unit  alone, 
because  we  have  to  consider  the  whole  system  of  units,  and  the 
Sub-Committee  of  this  Institi'tk  has  submitted  the  view,  one  I 
think  in  very  general  commendation,  that  we  cannot  employ 
ampere  turns  directly,  but  we  have  to  employ  the  awkward 
numerical  factor  of  12.57-4  t:  with  it.  There  have  been  several 
schemes  suggested,  excellent  ones  in  their  way,  for  obviating 
this  unfortunate  necessity,  and  for  giving  us  ampere-turns  di- 
rectly as  the  magneto-motive  force  and  throwing  this  factor 
into  some  position  in  the  system  where  it  may,  in  the  opinion  of 
the  parties  promulgating  the  idea,  be  of  less  objection  and  dis- 
advantage. Each  of  those  questions  must  be  considered  impar- 
tially upon  its  own  basis.     But  broadly,  they  a\\  xaoBXi  «b  d^^^^iKt- 
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ture  from  the  existing  system  of  practical   uiiit*^,  the  volt,  ohm* 
ampere,  etc.;  and,  therefore,  if  we  are  to  have  what  may  be  fof 
the  magnetic  circuit,  what  may  be  for  dynamos  and   motors,  ^ 
more  convenient  system  of  practical  units  than  the  one  which  ii 

immediately  suggested,  it  can  only  be  at  the  expense  of  a  depai 

ture  from  the  old  units,  and  that  breach  must  necessarily  be  ai  -^ 
awkward  hiatus  for  all  com])utations  of  a  practical  nature.     Th^^ 

second  difficulty  is  in  the  magnitude  of  the  uniti^.     The  practi 

cal  system  started  out  with  a  clearr  field  before  it  and   made  the-^ 
ohm  a  practical  unit,  a  reasonable  (juantity  and  a  very  practicaB- 
one,  and  I  think  it  meets  with  universal  commendation  and  ha.^^ 
served  its  purpose  remarkably  well.     The  volt  was  next  issued-i^ 
which  was  another  arbitrary  njultiple  of  the  fundamental  r.  g.  s_ 
unit  approximating  to  the  k.  m.  v.  of  one  Daniell  cell.     The  voir 
also  has  served  its  purpose  well  although  the   immediate  combi- 
nation of  the  volt  and  ohm,  the  ampere,  at  one-tenth  of  the  o  o. 
8.  unit  of  current,  is  a  disadvantage.     However,  I  do  not  think 
that  any  of  us  have  suifered  great  inconvenience  from  the  em- 
ployment of  the    ])ractical  system    at   the  present   time.       The 
employment  of  a  concrete  and   coherent  system,  forces  npon  us 
practical  units  in  the  magnetic  circuit  that  are  of  very  awkward 
magnitudes.     The  unit  of  flux  becomes  one  hundred   million  c. 
G.  s.  lines,  and   that  is  a  very  large  quantity,  as  we  do  not  have 
dynamos  with  so  much  flux  in  them.     Also  an  intensity  such  a< 
the  earth's  field,  for  example  became  extremely  diffieuft  to  des- 
ignate on  the  suggested  practical  system.     However,  we  have  to 
bear  in  mind  that  all  amendments  of  the  practical  system  involve 
— while  they  may  give   ns  a  certain   convenience  perhaps — a  de- 
parture from  the  existing  fundamental   rules  that  are  part  and 
parcel  of  the  absolute  system   of  measurment,  and   that  for  thif^ 
advantage  of  local  convenience  we  have  to  assume  an  ex])ense  in 
work  of  memory.     The  four  units—  gilbert,  weber,  oersted  and 
gauss — have  been  suggested  by  the  Committee  of  this  IxsTn'UTK 
as  those  best  fitted  t(>  concnir  with   the  (►riginal  ampere- volt-ohm 
system,  and  it  is  in  the  hope  of  being  able  to  obtain  a  thoroughly 
practical  sysreni  of  units  that   we  can  look  for   the  advantages 
which  the  fortlicominir   Electrical  ( 'onirress   will  have  in  store 
for  us 

Thk  Sk<'kktarv  :  It  was  one  of  the  objects  in  preparing  this 
provisional  ]n-ogramine  that  it  should  be  published  m  advance 
and  cfiven  wide  ciivuiation  in  order  to  elicit  certain  criticisms 
which  it  uiight  give  to  rise  U>,  and  there  have  been  criticisms  in  Re- 
gard to  it,  more  cs|)ecially  in  Eur<»])e,  and  a  few  communications 
in  our  own  journals.  1  iM>ticed  one  in  an  electrical  paj^er  last 
week  bv  Professor  Rosebru":h  of  Canada,  and  I  understood  that 
this  Committee  had  undertaken  to  prepare  at  some  time  a  recap- 
itulation of  these  suggestions  for  ]>resentation.  I  would  like  to 
inquire  of  Mr.  Keniielly,  who  represents  the  Committed,  whether 
he  has  taken  note  of  those  suggestions  and  whether  he  has  any 
rcmarka  to  bring  forward  at  \W  \\\t\q  \\\  \^^'3iy^  \v>  \\v%w\. 
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Mb.  Kennblly  : — I  beg  to  say  that  the  members  of  this  Sub- 
Committee  have  kept  account  of  all  comments,  criticisms,  and 
suggestions  that  have  appeared  in  the  scientific  and  technical 
press  in  relation  to  the  question  of  congress  work.  None  of  the 
criticisms  which  have  been  made  up  to  tlie  present  time  call,  it 
seems  to  us,  for  immediate  consideration.  In  regard  to  units, 
they  all  rest  upon  that  distinction,  in  regard  to  the  magnetic 
svstem  of  units,  between  the  convenience  of  dynamo  work,  and 
the  convenience  of  having  a  system  which  shall  be  a  coherent 
one.  It  has  been  the  intention  of  the  Sub-Committee  to  draw 
Hp  at  a  sufficiently  mature  period  all  the  criticisms  and  discus- 
sion that  have  appeared — a  recapitulation  of  all  the  considera- 
tions that  have  been  offered,  and  the  Committee  has  felt  that  it 
is  premature  at  this  time  so  to  present  them. 

Mb.  Lockwood: — I  understood  Mr.  Kennelly  to  say  that  several 
criticisms  offered  dealt  largely  with  the  points  which  he  men- 
tions. Now  there  are  one  or  two  very  minor  points  in  the  form 
of  definitions  which  were  reported  to  the  Committee,  to  which  I 
took  the  libertv  to  make  exception  verbally  to  the  Committee,  and 
later  I  sent  a  short  communication  to  one  of  the  electrical  papers. 
I  called  attention  to  what  seemed  to  me  to  be  rather  an  oad  defi- 
nition of  the  north  pole  of  the  magnet,  the  Committee  having 
proposed  to  define  it  as  that  which  seeks  the  geographic  north 
pole ;  and  the  south  as  that  which  seeks  the  geographic  south 

Eole.  My  criticism  is,  that  the  poles  of  a  magnet,  assuming  it  to 
e  one  wnich  is  pivoted  as  a  needle  poised  to  swing  freely  in  a 
horizontal  plane,  does  not  point  to  or  seek  the  geographic  north 
pole,  and  does  not  lie  in  the  geographic  meridian,  but  seeks  the 
magnetic  pole  which  circles  in  a  small  orbit  around  the  geo- 

Sraphic  north  pole.     It  seems  to  me  if  we  are  going  to  define 
le  polarity  of  magnets  at  all  we  should  define  them  correctly. 
To  that  end  I  offered  the  following  words  as  a  substitution  : 

"The  north  pole  of  a  magnet  to  be  defined  as  being  that  which  in  a 
magnet  poised  to  swing  freely  in  a  horizontal  plane  seeks  the  magnetic 
pole  in  the  direction  of  the  terrestrial  north,  and  the  south  pole  that  which 
seeks  the  magnetic  pole,  near  the  terrestrial  south." 

I  do  not  know  whether  the  Institute  considers  that  a  material 
point,  but  whether  it  be  material  or  immaterial,  it  neems  to  me 
we  should  seek  correctness,  just  as  cHrefully  as  the  magnet  seeks 
the  pole  that  it  wants  to  find. 

On  the  same  page  there  was  a  proposal  to  substitute  the  term 
^^ continuous  current"  for  ** direct  current.''  I  took  exception  to 
that,  for  the  reason  that  we  may  have  continuous  and  discontin- 
uous direct  currents,  and  continuous  and  discontinuous  alter- 
nating currents.  I  have  known  many  currents  which  had  one 
direction,  but  which  were  about  as  aiscontinuous  as  anything 
can  well  be.  It  seems  to  me,  therefore,  that  the  term  would  be 
decidedly  misleading.  We  may  say  a  current  of  one  direction, 
or  we  may  say  a  singly  directed  current,  or  we  may  say  a  direat 
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current,  but  when  we  should  say  or  assume  that  a  direct  current 
is  necessarily  continuous,  I  certainly  fail  to  see.     I  think  perhaps 
that  it  might  be  possible  to  find  a  oetter  term  than  "  direct  cur- 
rent," but  I  should  say  "  direct  current "  was  a  better  term  to 
describe  wliat  it  is  intended  to  describe,  than  "  continuous  cur- 
rent." 

I  object  also  on  my  own  personal  account  to  that  part  of  the 
programme  which  states,  "the  value  of  the  practical  unit  of 
illumination  to  be  a  bougie  decimale  at  the  distance  of  one 
metre.  Tlie  bougie  decimale  is  the  unit  of  light  and  power  al- 
ready established,  and  is  practically  equal  to  one  English  standard 
candle."  And  on  page  5  :  "  For  the  practical  unit  of  illumina^ 
tion  defined  above,  the  name  '  bougie-metre.' "     Now  that  is  a 

Eretty  long  term,  and  it  is  a  hyphtned  term.  As  long  as  we  can 
ave  words  which  are  not  hyphened,  I  think  we  should  use 
them.  As  we  have  honored  nearly  every  great  inventor  and 
discoverer,  it  w^ould  seem  to  me,  as  I  suggested  when  I  wrote 
the  letter  to  which  I  have  referred,  that  the  first  part  of  this 
being  already  established,  that  is  to  say  the  definition  of  the 
practical  unit  of  illumination,  ought  properly  to  stand ;  but  for 
the  second  part,  that  copied  from  page  5,  I  would  substitute  the 
foDowing  :  "  For  tlie  practical  unit  of  illumination  defined  above, 
the  name  '  Davy."  "  That  name  is,  I  conceive,  much  more  ap- 
propriate than  '•  bougie-metre,"  which  is  very  clumsy,  and  would 
be  a  good  deal  of  a  bo^ey  in  the  way  of  general  use. 

Mr.  Kennelly  : — Mr.  Chairman  and  Gentlemen,  Mr.  Lock- 
wood's  criticisms  are  three.  The  first  deals  with  a  matter  of 
fact,  and  the  last  two  deal  with  matters  of  opinion.  I  think  we 
must  all  admit  that  his  substitution  of  the  term  "terrestrial" 
north  pole  for  "geographic"  north  pole  is  felicitous, and  I  think 
that  would  be  accepted  in  preference.  As  regards  the  second 
criticism,  it  is  a  matter  of  great  dispute  as  to  whether  a 
"straicrhtforvvard"  current  should  be  called  "direct"  or  should 
be  called  "continuous."  "Many  men,  many  minds,"  and  I 
think  that  perhaps  neither  of  those  terms,  "continuous"  and 
"  direct,"  may  be  employed  ;  but  if  Mr.  Lockwood  will  only 
suggest  to  us  some  third  or  fourth  term  he  may  be  giving  us  a 
great  benefit. 

In  regard  to  the  unit  of  light,  there  are  so  many  new  names  to 
be  introduce*!  and  brought  forward  this  year,  and  there  is  so 
much  objection  to  the  creation  of  standards  which  are  themselves 
barely  admissible  as  definitions,  that  however  advisable  it  might 
be  to  have  the  well  remembered  and  honored  name  of  Davy 
placed  on  the  list  of  the  illustrious  founders  of  the  science,  still  I 
think  there  would  be  considerable  difiiculty  in  introducing  it  at 
the  present  time.  However,  that  is  a  matter  of  opinion,  and  I 
should  certainly  hope  that  Mr.  Lockwood's  suggestion  might 
receive  all  the  consideration  that  it  merits. 

Mr.  Lockwood  : — 1  think  the  word  the  gentleman  used  just 
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now — straightforward — ^is  about  as  good  a  name  for  the  direct 
carrent  as  conld  well  be  devised,  unless  we  should  shorten  it  by 
simply  using  the  word  "straight,"  and  the  gentleman's  sug- 
gestion appears  to  me  a  veir  appropriate  one. 

Pbof.  Nichols  : — May  I  say  a  word  as  to  the  standard  of 
illumination  ?  It  would  seem  to  me  unfortunate  to  assume  that 
we  are  likely  to  have  a  standard,  between  now  and  the  meeting 
of  the  Electrical  Congress  in  Chicago,  for  illumination,  that  is 
worthy  of  the  name  of  Davy  or  of  the  name  of  any  one.  I  think 
the  time  is  not  probably  very  far  distant  when  we  shall  be  able  to 
define  illumination  in  terms  of  the  o.  o.  s.  system,  in  other 
words,  to  actually  get  within  our  grasp  a  candle-light  equivalent 
which  will  express  what  we  all  desire,  and  which  will  be  capable 
of  interpretation  in  the  sense  that  having  defined  it,  we  shcQl  be 
able  to  make  secondary  standards  which  will  produce  the  given 
amount  of  light,  so  that  we  may  know  what  it  is  that  we  are 
measuring.  That  time  has  not  yet  come,  but  the  iTidications  are 
that  it  is  not  far  distant.  Would  it  not  be  better  then,  before 
establishing  and  fixing  this  matter,  to  simply  regard  it  as  tenta- 
tive, to  adopt  temporarily  whatever  seems  most  desirable  to  the 
Congress,  and  to  let  the  permanent  naming  of  it  wait  until  the 
time  when  we  are  able  to  define  our  light  unit  in  a  system  which 
is  a  part  of  the  great  system  which  we  are  hoping  to  do  some- 
thing towards  the  completion  of  in  Chicago  this  summer  ? 

The  President  : — I  would  like  to  ask  Mr.  Lockwood  whether 
his  suggestions  of  the  north  pole  of  a  magnet  would  not  bring 
about  the  verv  obscurity  that  I  understood  the  Committee 
wished  to  avoid.  If  you  define  that  to  be  the  north  pole  of  the 
magnet  which  points  to  the  earth's  magnetic  north  pole,  then 
vou  make  this  pole  of  the  magnet  to  be  the  south  magnetic  ])ole, 
1  would  not  know  then  whether  you  meant  the  end  which  points 
to  the  earth's  geographic  north  pole  or  its  south  pole.  Whereas, 
if  you  say  that  the  north  pole  of  a  magnet  is  that  end  which  points 
to  the  terrestrial  or  nearly  to  the  terrestrial  north  pole,  as  the 
Committee  suggests;  then  it  would  be  very  simple.  If  the  north 

Sole  of  the  magnet,  out  from  which  the  assumed  lines  of  force 
ow,  points  approximately  to  the  earth's  geographic  north  pole, 
then  tnat  pole  must  be  the  south  magnetic  pole.  Now,  frankly  I 
would  not  know  from  your  definition  which  you  meant.  I  would 
rather  suppose,  if  it  were  without  any  explanation,  that  you 
meant  the  true  south  pole  of  the  needle. 

Mb.  Lockwood  : — I  would  like  it  to  be  known  to  you  and  to 
the  other  gentlemen  present,  that  the  definition  is  not  mine.  I 
am  only  responsible  for  that  amendment.  1  imagine  that  the 
Committee  of  this  Institute  has  really  considered  the  point  con- 
cerning which  you  inquire.  I  believe  you  asked  me  whether  it 
would  not  be  productive  of  much  ambiguity.  In  answer  to 
that,  I  would  say,  that  I  think  it  would,  and  I  also  think  that  an 
absolutely  correct  statement  would   be  productive   of  the  same 
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result,  if  we  judge  from  the  effect  whicli  our  simple  rules  of  elec- 
tion produced.  I  think  no  matter  liow  we  define  anything,  iu 
very  many  minds  it  will  tend  to  ambiguity.  I  admit  very  freely 
the  force  of  your  reasoning,  and  in  my  own  mind  1  have  gone 
through  it  all.  The  poles  of  the  magnet  which  point  to  the  ter- 
restrial north  or  soutli,  might  be  called — as  attempts  have  been 
made  to  call  them  from  almost  time  immemorial — the  north 
seeking  pole,  or  the  south  seeking  pole,  or  the  blue  or  red  poles, 
or  the  austral  and  boreal  poles,  etc.  I  imagined  that  the  Com- 
mittee had  taken  those  points  into  consideration,  and  had  come 
to  the  conclusion  that  no  matter  what  we  officiaDy  name  the 
magnet  poles,  we  shall  continue  to  call  the  north  pole  of  the 
earth  the  north  pole,  no  matter  where  the  needle  points,  and  al- 
though the  majority  of  us  know,  or  think  we  know,  much  better, 
we  will  persist  in  calling  that  point  of  the  needle,  wliich  points 
northward,  the  north  pole.  My  suggested  amendment  wafi 
simply  to  the  Committee's  definition,  and  in  view  of  the  fact 
that  1  supposed  they  had  taken  all  these  matters  into  considera- 
tion, I  did  not  feel  myself  authorized  to  go  any  further  into  that, 
but  simply  to  give  one  of  the  suggestions  which  had  been  called 
for. 

The  President  : — 1  mav  be  wrong,  but  I  think  the  general 
practice  in  this  country  is  to  call  the  end  of  the  needle  which 
points  approximately  to  the  earth's  north,  north,  and  to  regard 
the  magnetism  of  the  Northern  Hemisphere  of  the  earth,  as  es- 
sentially south.  That,  1  think,  is  the  general  idea  that  is  held 
now. 

Mr.  Lookwood: — If  that  be  the  case,  it  is  one  of  the  instances 
where  the  smaller  governs  the  greater.  I  do  not  suppose  that 
any  number  of  needles  will  govern  the  polarity  of  tne  earth. 
But  I  can  imagine  that  the  polarity  of  the  earth  will  tend,  in 
some  degree  at  least,  to  direct  the  needle.  I  do  not  think  that 
the  terminology  which  we  apply  to  the  polarity  of  the  earth 
should  govern  the  terminology  which  we  apply  to  the  polarity  of 
the  needle.  I  should  like  to  hear  what  the  views  of  the  Com- 
mitee  were,  if  any  of  the  members  of  the  Committee  wiU  kindly 
give  them. 

Mr.  Kknnelly  : — The  Committee  endeavored  to  enunciate  the 
very  statement  that  the  President  has  just  given  us,  and  the 
amendment  that  Mr.  Lockwood  has  offered  I  take  to  be  intended 
for  the  benefit  of  those  unhappy  creatures  whose  lot  might  be 
cast  between  the  north  geogra])hic  pole  and  the  mametic  pole  in 
its  vicinity,  and  who,  of  course,  contrary  to  the  definition  of  the 
Institute's  Committee,  would  find  the  magnetic  pole  geographi- 
cally south,  as  they  would  live  north  of  it.  But  if  we  eliminate 
that  section  of  our  planet,  which  is  fortunately  rather  remote, 
the  suggestion  of  the  Committee  will  practically  agree  with  the 
suggestion  that  I  undei-stood  Mr.  Lock  wood's  amendment  to  im- 
prove, namely,  that  the  magnetic  pole  of  the  earth  which  is  ter- 
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refltrially  north,  or  situated  in  the  vicinity  of  the  geographic 
north  pole  shall  be  the  earth's  south  magnetic  pole,  and  that  the 
pole  oi  a  needle  which  points  toward  it  when  allowed  to  assume 
its  natural  direction,  shall  be  the  north  pole  of  that  needle. 

The  Secbbtaky: — In  regard  to  this  final  closing  up  of  the 
work  of  the  Committee  preparatory  to  the  assembling  of  the 
Electrical  Congress,  it  is  probable  that  this  will  be  the  last  meet- 
ing of  the  Institute  before  the  convening  of  that  (yongress,  and 
therefore  it  would  be  proper  to  suggest  that  this  final  summing 
up  be  published,  either  in  the  Transactions  or  in  the  electrical 
journals  or  both,  before  the  regular  meetings  of  the  Institute, 
in  order  to  have  it  in  general  circulation  before  the  Congress. 
As  we  are  not  prepared  to  close  it  up  at  present,  and  it  appears 
to  me  that  authority  should  be  given  for  that  to  be  done  without 
further  discussion  of  the  matter  before  the  Institute,  I  would 
make  a  motion  to  the  effect  that  the  Sub-Committee  on  Provi- 
sional Programme  be  authorized,  at  such  time  as  they  find  con- 
venient before  the  assembling  of  the  Congress,  to  publish, 
through  the  electrical  journals  and  the  Transactions,  such  a 
summing  up  as  they  may  deem  proper. 

The  motion  was  seconded  by  Mr.  Hammer  and  carried. 


A  Ucture  tUiivertd  a/  tk*  Ttnik  Gentrai  Mwti- 
ing  0/  ike  American  Intiiiute  of  EUetricml 
Engineers s  Columbia  College ^  Hew  Vork,  May 
i7i  1B93.    President  Houston  in  the  Chair. 


PRACTICAL   ASPECTS  OF  LOW  FREQUENCY   ELEC- 
TRICAL RESONANCE. 


BY  M.  T.   PUPIN,  PH.  I).,  COLFMBIA  COLLEGK. 


Mr,  Preaideni  (ifid  Gentian  en  of  the  Institute  : — A  large  pa^^ 
of  the  subject  of  the  following  discourse  was  discussed  by  m 
but  in  a  different  way,  in  three  papers.  Two  of  these  ap 
in  the  April  and  May  numbers  of  the  American  Journal  (/ 
Science,  The  third  will  appear  in  the  June  number  of  the  sam 
journal.  The  method  which  I  have  adopted  in  the  followin 
discussion  seemed  preferable  to  the  mathematical  method  whiclt 
I  followed  in  those  papers.  It  is  probably  just  aft  exact,  and  cer^ 
tainly  a  much  clearer  way  of  viewing  the  variable  flow  of  elec-- 
tricity,  especially  those  features  of  it,  which  have  a  more  or  leiw 
direct  ])ractical  bearing. 

1.  On  the  Natural  Pkriod  of  an  Electrical  Circuit. 

An  electrical  circuit  possessing  self-induction  and  capacity  l)e- 
haves  in  a  great  many  res])ects  as  a  body  does  in  consequence  of 
its  inertia  and  elasticity.  The  fundamental  reason  for  this 
analogy  is  simply  this  : — The  electromagnetic  energy  of  a  coil 
through  which  a  current  flows,  has  all  the  characteristic  proper- 
ties of  the  kinetic  energy  of  a  moving  body,  whereas  the  energj' 
of  the  static  charge  of  a  condenser  has  all  the  characteristic  prop- 
erties of  the  potential  energy  of  a  strained  elastic  lK)dy.  If  the 
neutral  state  of  such  an  electrical  circuit  is  disturbed,  it  will  re- 
turn to  it  again  after  performing  a  certain  number  of  oscillations 
about  the  position  of  its  neutral  state.  But  a  return  to  the 
neutral  state  is  impossible  until  the  energy  which  is  spent  upon 
the  circuit  to  disturb  its  neutral  state  has  left  the  circuit,  or  to 
use  a  more  technical  expression,  until  the  energy  has  been  dissi- 
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pated  or  given  oflf  to  some  other  circuit.  The  two  principal 
causes  which  produce  dissipation  and  compel  the  circuit  to  return 
to  its  neutral  state  again,  are  frictional  resistances  and  radiation. 
Just  as  in  the  case  of  vibrating  bodies,  so  also  in  the  case  of  electri- 
cal oscillations,  losses  due  to  radiation,  especially  when  no  other 
electrical  circuits  are  near,  are  exceedingly  small  when  the  oscilla- 
tions are  slow.  In  Herzian  oscillations  they  are  quite  consider- 
able. In  oscillations  of  the  Tesla  frequency  they  are  probably 
not  negligible.  My  remarks  refer  to  electrical  oscillations  of 
long  period,  therefore  losses  due  to  frictional  resistances  are  the 
only  losses  which  I  shall  consider.  Consider  now  an  electrical 
circuit  consisting  of  a  coil  A  and  a  condenser  B  (Fig.  1)  in  series 
with  it.  It  is  a  circuit  with  localized  self-induction  and  capacity. 
I  trust  that  my  discussion  will  lose  as  little  in  its  generality  as  it 
will  in  its  practical  bearing  if  1  confine  it  to  such  circuits  only. 


V. 


B 

Fig.  1. 

Let  a  sudden  eiectrical  impulse  disturb  the  neutral  state  of  this 
circuit ;  electrical  oscillations  will  result.  These  oscillations  fol- 
low laws  practically  identical  with  the  laws  of  the  motion  of  a  slowly 
vibrating  body.  Their  period  is  constant,  as  we  all  know,  and  it  is 
in  general  completely  determined  by  the  electromagnetic  mornent 
(if  inertia  and  the  dieleclHc  elasticity  of  the  circuit — that  is,  by 
its  coefficient  of  self-induction  and  its  capacity.  When,  however 
frictional  losses  due  to  ohmic  resistance,  magnetic  and  dielectric 
hysteresis  are  large,  then  the  period  of  this  circuit  is  no  longer 
defined  by  the  self-induction  and  capacity  alone,  but  it  is  also  in- 
fluenced by  these  frictional  losses. 

When  ohmic  resistance  and  hysteresis  losses  are  small  enough, 
then  the  natural  period  of  the  circuit  is  given  by  the  well-known 
formula 
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Where  T  is  the  natural  period  of  tlie  circuit  in  seconds,  L  ifc 
coefficient  of  self-indnction  in  henrja,  and  C  its  capacitj  in  mi- 
crofarads. For  instance,  a  large  Bell  telephone  whoee  coefficient 
of  self-indnction  is  0.5  lienrys  when  connected  in  series  to  a  con- 
denser of  1  microfarad  capacity  will  have  a  natural  period  of  ren 
nearly  j^  seconds,  that  is  to  say,  an  electrical  disturbance  wonM 
set  up  oscillations  in  11,235  of  which  would  take  place  in  one  second. 
If  a  permanent  magnet  were  hrought  into  the  vicinity  of  the  tele- 
phone coil  and  then  suddenly  removed,  the  telephone  wonld sing  t 
note  whose  pitch  would  be  a  little  below  tlie  well-known  noteC. 
But  it  would  not  sing  it  very  long.  For  since  the  obmic  resittuice 
is  100  ohms  these  oscillations  wonld  disappear  almost  entirely  aft«r 


10  complete  <«cillations,  somewhat  in  the  manner  represented 
in  diagram  Fig.  2,  that  is  to  say  the  telephone  would  sing  only 
during  about  ^a  part  of  a  second.  By  diminishing  the  resistance 
wu  could  prolong  its  simg.  But  dimini»:h  the  resistance  as  much 
as  you  please,  the  pitch  of  the  note  of  the  telephone  will  remain 
the  same,  because,  as  I  said,  the  natural  period  of  the  telephone 
circuit  just  described  is  within  wide  limits  independent  of  the 
ohmic  resistance, 

2.  On  the  Tuning  ok  an  Electrical  CiEOorr. 
To  change  the  note,  say  to  make  it  higlier,  it  would  be  neces- 
sary to  diminish  the  capacity  of  the  condenser.     When  a  piano 
tuner  wishes  to  raise  the  pitch  of  a  piano  string  he  gives  it  more 
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tension ;  so  in  tuning  an  electrical  circuity  in  order  to  change  its 
pitch,  it  is  necessary  to  change  its  electrical  elasticity  that  is,  its 
capacity.  Bnt  there  are  other  ways  of  tuning  an  electrical  cir- 
cuit, just  as  there  are  different  ways  of  tuning  musical  instru- 
ments. Consider  a  reed  pipe,  say  a  clarionet.  The  musician 
places  a  little  bit  of  wax  on  the  reed.  Wlieii  the  instrument  is 
too  low  in  pitch  he  takes  off  some  of  the  wax,  so  as  to  diminish 
the  moment  of  inertia  of  the  reed,  and  when  the  pitch  of  the  in- 
strument is  too  high,  he  sticks  on  more  wax  so  as  to  increase  the 
moment  of  inertia.  At  anv  rate  this  used  to  be  the  method  of 
old-fashioned  country  musicians.  And  so  it  is  in  tuning  an  elec- 
trical circuit.  Instead  of  varying  its  electi-ical  elaMicity^  that 
is,  its  capacity,  we  can  vary  its  electro-magnetic  mmnent  of  inertia^ 
that  is  to  sav,  its  coefficient  of  self-induction.  To  sliow  how  this 
may  be  done  in  the  telephone  circuit  just  mentioned,  insert  into 
this  circuit  a  small  coil,  a^  [Fig.  3J  an  auxiliary  coil,  with  a  remov- 
able iron  core  c  made  up  of  very  tine  iron  wire.     In  doing  this 
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we  do  exactly  what  the  country  musician  does  when  he  put*  wax 
on  the  reed  of  his  clarionet.  If  the  electrical  pitch  of  the  cir- 
cuit does  not  suit,  say  it  is  too  high,  then  simply  put  on  more 
electro-magnetic  wax,  that  is  to  say,  insert  the  iron  core  and  move 
it  back  and  forth  until  the  correct  position  is  found  which  will  give 
the  correct  electrical  moment  of  inertia,  that  is  to  say,  the  correct 
coefficient  of  self-induction.  This  is,  briefly  stated,  what  I  mean 
by  the  expression  tuning  au  eUHrical  circuit.  From  the  simple 
expression  given  above  for  the  natural  period  of  an  electrical  cir- 
cuit, it  is  evident  that  the  tuning  of  an  electrical  circuit,  if  not 
simpler,  is  certainly  quite  as  simple  a  process  as  the  tuning  of  a 
musical  instrument. 

3.  On  thk  Determination  of  the  Pitch  of  an  Electrical 

ClRCTTIT. 

If  we  wish  to  know  the  pitch  of  a  musical  instrument,  say  of 
a  tuning  fork,  to  choose  a  simple  illustration,  wq  simply  y^yv^  \1 
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an  impulse,  say  a  tap  with  the  linger,  and  then  listen  to  the 
vibrations,  which  in  general  will  last  for  several  minutes,  and 
give  us  sufficient  time  to  make  up  our  minds  as  to  what  tlie 
vibrations  sound  like.  In  examining  the  pitch  of  an  electrical  cir- 
cuit it  is  more  convenient  to  adoj>t  a  different  method.  The  reason 
is  that  as  a  rule  electrical  oscillations  are,  as  pointed  out  in  the  ex- 
ample above,  much  more  damped,  so  that  the  oscillations  resulting 
from  a  single  impulse  would  not  last  long  enough  to  give  us  suffi- 
cient time  to  see  what  they  look  like,  or  to  listen  and  hear  what  they 
sound  like.  The  method  suggested  by  the  stroke  of  a  violin  Iww 
over  the  string  is  preferable.  The  stroke  of  the  bow  produces 
a  series  of  impulses  which  quickly  succeed  each  other  and  main- 
tain the  string  in  uniform  vibration.  It  is  interesting  now  to 
observe  that  the  ^ame  thing  can  be  done  with  an  electrical  circuit. 
Consider  the  circuit  a  b  c  Fig.  4.  The  condenser  b  represents 
the  tension  on  the  violin  string,  coil  a  represents  its  inertia.  The 
air-gap  c  stands  for  the  point  where  the  bow  by  its  stroke  excites 
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the  string.  If  you  now  wish  a  musician  who  plays  with  a  one- 
sided stroke,  use  a  high  potential  direct  current  generator  d,  and 
for  an  alternating  stroke  substitute  an  alternator.  The  discharsres 
at  the  air-gap  c  succeeding  each  other  (piickly  enough,  and  at 
proper  intervals  will  maintain  in  the  circuit  a  b  c  practically 
uniform  electrical  oseillaticnig.  This  is  one  of  Tesla's  favorite 
circuits,  and  I  have  no  doubt  but  that  he  will  accomplish  great 
things  with  it  yet.^  Bring  a  few  turns  of  wire  of  a  telephone 
circuit  into  inductive  influence  of  this  circuit,  and  you  will  have 
in  the  telephone  a  musical  note  of  exactly  the  same  pitch  as  the 
pitch  of  the  electrical  oscillations  in  the  circuit  a  b  c.  The  note 
is  not  perfectly  pure.  It  is  marred  by  the  noise  of  the  spark 
discharge  of  the  air-gap  i\  Neither  is  the  note  of  the  violin 
string  pure ;  there  is  always  more  or  less  of  the  scraping  noise 
of  the  bow.     Just  as  it  is  necessary  to  keep  the  bow  well  rosined 


1.  It  must  be  observed,  however,  that  Hertz,  in  1887,  produced  his  oscilla- 
tions by  a  circuit  of  this  identical  form. 
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so  as  to  give  it  a  good  grip  upon  the  string,  so  it  is  necessary  to 
apply  a  strong  current  of  air  or  the  action  of  some  other  of 
Tesla's  devices  upon  the  air-gap  c,  otherwise  an  arc  is  formed 
and  the  generator  d  loses  its  grip  upon  the  circuit  a  b  c.  ^  If  we 
had  a  number  of  different  coils  with  condenseiv*  like  a  and  b 
alongside  of  each  other,  and  arranged  in  such  a  way  as  to  be  able 
to  place  them  at  will,  now  the  one  and  now  the  other,  and  now 
again  a  number  of  them  in  multiple  under  the  action  of  the  elec- 
trical bow  which  the  generator  d  keeps  moving  over  the  air-gap 
c  and  at  the  same  time  vary  the  capacities,  we  sljould  be  able  to 
change  the  electrical  vibrations  of  our  sjstem  with  that  ease, 
precision  and  grace  which  the  violin  player  displays  when  with 
the  one  hand  he  guides  his  obedient  bow,  while  the  busy  lingers 
of  the  other  hand  glide  over  the  trembling  strings,  eliciting  from 
them  delightful  notes  which  blend  into  pleasing  harmonies.  So 
with  our  system  of  properly  tuned  electrical  circuits,  we  could  pro- 
duce harmonies,  but  they  would  be  harmonies  of  silence,  harmo- 
nious oscillations  in  the  ether  that  affect  neither  eye,  nor  ear, 
nor  taste,  nor  smell.  But  bring  a  part  of  a  telephone  circuit 
into  inductive  action  of  our  harmonic  system,  and  let  a  skilled 
experimentalist  manipulate  a  properly  constructed  keyboard 
which  controls  the  coils  and  condensers  of  the  various  circuits, 
and  harmonies  which  before  were  as  silent  as  the  grave,  will  now 
agitate  the  responsive  diaphragm  of  the  telephone  and  produce 
music  that  could  be  made  to  re-echo  in  every  teleph(»ne  in  the 
TTnited  States. 

But  after  all,  such  an  arrangement  when  used  tor  such  a  pur- 
pose, would  be  a  mere  toy  in  comparison  to  the  [mrpose  for 
which  our  distinguished  colleague,  Mr.  Tesla,  employs  it.  To 
convert  high-potential  but  small  current  electrical  energy  into 
low-potential  big  current  energy,  or  vic^^  verm^  accompanied  by 
all  possible  variations  in  the  frequency  of  oscillations  was  the 
purpose  for  which  Mr.  Tesla  constructed  the  device.  To  a 
physicist  who  delights,  not  less  than  the  engineer,  in  neat, 
simple  devices  for  the  accomplishment  of  big  and  brilliant 
effects  this  device  of  Tesla  naturally  appeals  more  than  all  his 
other  ingenious  inventions.  Many  a  delightful  hour  have  I  spent 
in  watching  experiments  on  a  circuit  like  the  one  in  Figure  4.   The 


2.  The  importance  of  blowing  out  the  arc  for  the  production  of  powerful 
oscillations  seems  to  have  been  first  recognized  by  il.  Classen,  Wieden^ann 
Aniial.  d.  niysilcund  cbemie,  Band  xixxx,  p.  647*  1B90, 
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coil  A  consisted  of  a  short,  stout  copper  wire ;  the  condenBer  b 
consisted  of  a  battery  of  Leyden  jars,  which  my  distingnished 
teacher,  Professor  Rood,  of  (^olumbia  College,  kindly  lent  me. 
The  wires  aa  were  thin  copper  wires  connecting  the  air-gap  c  to 
the  poles  of  an  induction  coil  which  is  now  in  the  hospital.  It 
is  a  delightful  sight  to  see  the  stout  wire  aglow  under  the  power- 
ful agitation  of  the  rapid  oscillations,  whereas  the  thin  wires  aa 
adjoining  them  remained  perfectly  cool.  Twist  now  the  thick  wire 
A  into  a  few  convolutions,  say  ten  or  twelve,  and  surround  them 
by  a  few  hundred  turns  of  line  wire  and  you  will  have  the  now 
well-known  oscillatory  transformer  with  which  Mr.  Tesla  and 
Professor  Elihu  Thomson  produced  some  brilliant  effects,  a  trans- 
former that  will  give  you  any  number  of  volts  especially  if,— 
and  now  I  am  going  to  touch  a  point  which  forms  the  central 
point  of  my  discourse, — especially  if  the  thin  wire  coil  contains 
capacity  in  series  \joifh  it,,  ho  that  the  natural  period  of  this  cir- 
cuit is  the  sam^  as  the  periml  of  the  thiclcwire  coiJ^  that  is  if  th 
two  cireuits  are  in  resonance, 

4.  On  Rksonance. 

Here  again  1  have  borrowed  a  term  employed  in  music.  But 
a  few  simple  considerations  will  show  you  that  it  is  very  natural 
that  I  should,  for  the  phenomena  of  sound  and  those  of  oscilla- 
tory flow  of  electricity  are  governed  by  nearly  the  same  laws. 
Very  high  frequency  electrical  oscillations  would  in  all  probability 
be  identical  with  lit^ht,  as  first  announced  by  immortal  Max- 
well.  It  is,  therefore,  not  surprising  to  find  that  low  frequency 
electrical  oscillations  siiould  resemble  so  much  the  other  group 
of  oscillatory  phenomena  which  next  to  light  pleases  our  senses 
best,  namely,  the  phenomena  of  sound,  especially  agreeable 
sound,  that  is  music. 

To  gain  a  clear  conception  of  what  is  meant  by  electrical 
resonance  consider  the  following  simple  mechanical  analogon — 1 
call  it  the  torsonial pendulum  : — I  used  it  often  with  my  8tudents 
in  discussing  alternating  current  phenomena  and  they  liked  it 
y^Ty  much.  A  heavy  bar  a  (Fig.  5)  is  suspended  on  a  stiff  elastic 
wire  B,  which  is  attached  to  a  plate  r  whose  weight  may  be 
neglected.  This  plate  c  slides  in  a  groove  aa  which  in  consequence 
of  friction  acts  like  a  brake.  Suppose  now  that  the  friction  be- 
tween c  and  ^//z  is  such  that  when  the  angular  velocity  of  c  is  <« 
the  rate  at  which  heat  is  generated  by  the  friction  between  c  and 
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aa  is  equal  to  (o^  R  where  r  is  independent  of  the  angular  veloc- 
ity. This  torsional  pendulum  resembles  then  very  much  an 
electrical  circuit  having  localized  self-induction,  capacity  and 
ohmic  resistance.  The  moment  of  inertia  of  a,  the  elasticity  of 
B,  and  the  friction  in  c  act  exactly  the  same  as  the  coefficient  of 
self-induction  of  the  coil,  the  capacity  of  the  condenser,  and  the 

ohmic  resistance  of  the  circuit.     Let  — -  stand  for  the  elastic  ca- 

pacity  of  the  wire,  that  is  if  the  wire  be  twisted  through  an 
angle  (?,  then  the  moment  of  the  elastic  force  which  opposes  this 

twisting  is  ^- .  Let  i  stand  for  the  moment  of  inertia  of  the 
weight  A,  then  as  long  as  the  frictional  resistance  is  within  cer- 


FiG.  5. 
tain  limits  we  shall  have  for  the  natural  period  of  the  pendulum 

You  see  that  this  expression  is  exactly  the  same  as  the  one 
which  expresses  the  natural  period  of  the  circuit  in  terms  of  its 
coefficient  of  self-induction  and  capacity. 

If  this  pendulum  is  set  in  motion  by  a  single  impulse  it  will  oscil- 
late with  a  constant  period.  The  first  elongation  will  be  largest, 
and  the  successive  elongations  will  be  smaller  and  smaller,  just  as 
represented  in  Fig.  2,  until  the  pendulum  is  reduced  to  rest  again. 
This  will  happen  when  the  energy  of  the  impulse  has  been  entirely 
dissipated  into  heat,  which  is  the  work  done  against  frictional  re- 
sistances in  the  break  at  (7.  The  smaller  this  frictional  resistance, 
the  longer  will  the  pendulum  swing  in  consequence  of  iVkA  vox- 
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coil  A  consisted  of  a  sliort,  stout  copper  wire;  tlw* 

ooiisist^l  <)f  ii  liattury  of  l.evdeii  jare,  wliicli  ii'   ; ' 

tuaplicr.  Profpusor  Rood,  of  Colninhia  College 

Tin'  \\-\rv!-  II"  were  tliiii  copper  wires  coimec^i 

tlio  ]tolfs  of  ail   iiHliictiiin  coil  which  is  nov 

is  a  doliiilitfiil  sifrlit  to  see  tht  stout  wire  ' 

fill  agitation  of  the  rapid  o^'illatioim,  w' 

adjoining  tliein  remained  perfectly  cck)' 

A  into  a  few  ei involutions,  say  ten  if 

bv  a  few  hniidred  tnms  of  fine  wi- 

well-known  oscillatory  transforp 

Professor  Klihii  Thomson  prod^  .nx' 

foniicr  that  will  give  you  ar  ,jen(hilil 

and  now  I  am  going  to  toi>  .len  to  ^jr.  In 

point  of  m_v  discoarra, — ei'   ■ 

riijiiieity  in  nrrnes  with  it 

•■lilt  f»  the  nmrv  an  the  ■■ 

ttm  •■tr'rinfii  rtiv  in  re 


.or  the  inipnlses  we 

.it«rnating  force,  say  a 

I-  perinil  as  the  natural  pi 


I 


liiiir  ii|'<ni  till'  t.irsi.iriHi   |>fiMliiti 

Here  a^n  1 1>         „|ly   inoiu tlic  «iiiiilitiidi- ..f  tin- 

a  fen' aimple  cr  ,,„larirf  iljat  tlie  «i,rk  cLine  iluriiij. 
that  I  ahonld.  ^^j^,„„|  n'si^iuires.  is  just  ptjiial  tn  tlio  wm-l 
tory  flow  o[  j„ri,ij.  il.al  tiiiiv.  I'iiiiii  lluil  |«iiir  i.ii.  t 
Very  liigh  _  -•^.j.j,  „.iil,  ,,,ir«n,i,t  ,Tii|.lit,i,l,-.     n  i.  ..videii 

be  idenf^ '',,„„.,,/, ,.i:i,„/r  ,,f  tir  „„„:„,j  for,-, 

well.     ';.«^'  ,^,v./,„,„rf  ,,«•,/,/,„■,,.(/„  I„„j,r,r:il  kthe,!,,. 

•i°*'>>y-    l!"'»l'ra         

'  '1/^l"ilil"' ■ 

^f  tWfliiiig  ot  tlii^  i.icilKuiicnl  analoyoii  upon  tlieeieci 

« liHTin^r  wif-iniiui-iioii  aiid  cajincity  is   very  direct,  as 

^fgeat\y  point  out.     I,ei  a  -iniplo  lianiioriic  v..  m.  k.  A'sii 

^,11  such  H  cin-riit.      I    >liall   prewnily  cnn^iider  a  conipl 

UiOiiic  K.  M-  I'-  I'ld  iitsnciri'nits].i.s#cssin';  Foncmiltcurreii 

jnd  I'"*''~''"''  to  iNniriifii<'  iinil  ilicK-cirit- hysteresis,     Tli 

fonn  tho  la>^t,  imd  in  tuv  opinii.n  the  most  important  par 

iii«coiir>e.       A    >iinpli'    hannoiiii-  i-..  m.  i.  artin^r  ujnm  nii 

^irtrini/  rlrr-i'.f  111  whifli  the  only   fri<'tionul  losses  are  tli 

to  oliinic  resistjiiii'o.  will  when  its  pci'iod  ir^tliesunieas  the 
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'nil  ill  the  snspension  wire,  and  s« 
vv  tin-  ].cinliihini    passes  thnmjrh 
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•oiiit,  that  is  wlien*^  is  in  resonance  with  the  circuity 

'e  the  amplitude  of  the  electric  displacement, 

^of  the  condenser  charge  and  therefore  also  of 

x  '•k  done  against  the  ohniic  resistance  is 

J  ^  the  impressed  e.  m.  f.     From  this 

'  current  will  remain  constant  and 


_•* 


nressed  k.  m.  f.  divided  by  the 

X,  *  <  ^.  '  terms  which  are  more  gen- 

■'  ■     *•  A  * 'm (hi ction  neutralize  each- 

A      **  V  '    •     *,  h  the  imj>renHe<1  e.  m.  f. 

^        V  ^'  .low,  there  can  be  no  differ- 

at  and   the  impressed  e.  m.  f. 

.  at  any  moment  depends  on  the  k. 

»id  on  nothing  else. 

,  that  if  losses  due  t'f)  Foucault  currentH^ 

.  lectric  hystert*sis  are  present^  then  the  current 

itp  equal  to  the  ratio  hetu^een  the  e.  m.  f.  and  th4» 

^ist-auce  by  any  o.oinht nation  of  eapavity  and  fttelf-induc- 

*^' though  as  a  ninipl^  reH^'ctlon  wHf  show^  the  d  if  ere  nee  in 

\      *"  ^^'tween  the  eurrent  and  the  e.  m.  f.  way  he  reduced  to  zero 

^tfiis  C(iHe  al-HO^^  in   which  case  we  should  have  rw  false  current^ 

^  tt  IS  generally  calhd.     1   shall  presently  discuss  this  point  a 

Uttle  more  fully. 

5.  Resonance  iNCiRdiiiTs  with  an  Impressed  Complex  Harmonic 

Electromotive  Force. 

If  the  impressed  e.  m.  f.  is  a  complex  harmonic,  then  the  cir- 
cuit may  be  brought  into  resonance  with  any  of  the  component 
harmonics.  I  have  an  apparatus  here  which  is  capal)le  of  pro- 
dacing  k.  m.  f/s  of  almost  any  complexity.  I  call  it  an  electro- 
dynamic  current  interruptor^  for  want  of  a  better  name.  It  con- 
sists of  a  phosphor-bronze  wire,  the  vibrator,  a^  h,  e^  (Fig.  6"), 
i$tretched  between  the  jwles  of  a  Weston  horseshoe  magnet  d, 
X  short,  thin,  amalgamated  coi)per  wire  />,  the  dipper,  is  soldered 
on  the  vibrator.  The  vibrator  is  stretched  like  the  wire  of  a 
monochord,  over  two  hard  rubber  bridges  a  f\  and  its  tension  can 
he  varied  by  a  screw  and  lever /l     The  dipper  r  whenever  it 


1.  Profewor  DuDcan,  of  Johns  Hopkins  University  informed  me  yesterday 
that  he  deduced  the  same  result  in  the  course  of  an  investigation,  a  short 
iiccouDt  of  which  he  read  before  this  Institute  at  its  General  Meeting  in  Chicago 
in  1892,  '*Note  on  some  Bxperiments  with  Alternating  Currents."  Tkanbac- 
TIONS,  vol.  ix.  p.  179. 
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pulse,  before  it  is  reduced  to  rest.  On  the  other  hand  we  can  in- 
crease the  resistance  in  G  to  such  an  extent  as  to  make  the  swing 
a-periodic  or  dead  beat,  as  is  for  instance  the  case  in  the  Weston 
voltmeters  and  ammeters. 

Repeat  the  impulse  at  regular  intervals,  alternating  them,  the 
pendulum  will  keep  on  swinging  ;  but  you  can  easily  see  that  if 
the  intervals  of  the  impulses  are  measured  off  in  such  a  way  that 
every  time  the  pendulum  passes  through  its  position  of  equilib- 
rium, the  impulse  strikes  it,  and  strikes  it  in  the  direction  in  which 
the  pendulum  is  moving,  then  the  amplitude  of  the  swing  will 
be  much  larger  than  if  the  intervals  of  the  impulse  are  not  meas- 
ured off  in  such  a  way.  In  other  words  when  the  period  of  the 
impulses  is  the  same  as  the  natural  period  of  the  pendiilum  then 
the  swing  is  largest.  The  impulses  are  i?aid  then  to  he  in  re^on- 
(mce  with  the  pendulum. 

The  same  effect  will  be  produced  if  for  the  impulses  we  substi- 
tute a  periodically  but  gradually  alternating  force,  say  a  simple 
harmonic  force,  having  the  same  period  as  the  natural  period  of 
the  pendulum. 

Such  a  force  when  acting  upon  the  torsional  ])endulum  just 
described  will  continually  increase  the  amplitude  of  the  sswiug. 
until  the  swing  is  so  large  that  the  work  done  during  a  swing 
against  the  frietional  resistances,  is  juvst  ecpial  to  the  work  of  the 
moving  force  during  that  time.  From  that  point  on,  the  pen- 
dulum will  swing  with  constant  amplitude.  It  is  evident,  there- 
fore, that  the  larger  f/ir  HtnplHiult^  of  the  mifmny  force  and  thf 
amaUer  the frivt'u null  res'fstfinrex^the  larger  will  hetheatnjtiitnd*' 
of  the  tnciay.  But  a  large  amplitude  implies  two  things  : — 1st, 
A  large  tonaional  reaetion  in  the  rtusj)ension  wire,  and  secondly 
a  large  velocity  whenever  the  ] pendulum  passes  through  its  posi- 
tion of  e<iuilil)riuni. 

The  beaiing  of  this  mechanic*^!  analogon  upon  the  electric  ciir- 
cuit  having  self-induction  and  capacity  is  very  direct,  as  I  shall 
presently  point  out.  I.et  a  simple  harmonic  k.  m.  f.  E  m\  pt.  act 
upon  such  a  circuit.  I  sliall  presently  consider  a  complex  har- 
monic K.  M.  p.,  and  also  circuits  possessing  Foucault  current  losses, 
and  losses  due  to  magnetic  and  dielectric  hysteresis.  They  will 
form  the  last,  and  in  my  opinion  the  most  important  part  of  my 
discourse.  A  simple  harmonic  k.  m.  f.  acting  uj)on  an  elasfic 
electrical  cirruit  in  which  the  only  frietional  losses  are  those  due 
to  ohmic  resistance,  will  when  its  period  iethesameas  the  natural 
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period  of  the  circuit,  that  is  when  it  is  in  resonance  with  the  circuity 
continually  increase  the  amplitude  of  the  electric  displacement, 
that  is  the  amplitude  of  the  condenser  charge  and  therefore  also  of 
the  current,  until  the  work  done  against  the  ohmic  resistance  is 
exactly  equal  to  the  woi'k  of  the  impressed  e.  m.  f.  From  this 
point  on  the  amplitude  of  the  current  will  remain  constant  and 
equal  to  the  amplitude  of  the  impressed  e.  m.  f.  divided  by  the 
ohmic  resistance.  Or,  to  state  it  in  terms  which  are  more  gen- 
erally employed :  Capacity  and  self-induction  neutralize  each 
other  when  the  circuit  is  in  resonance  with  the  impressed  e.  m.  f. 

It  is  evident  also  that  in  a  resonant  flow,  there  can  be  no  differ- 
ence in  phase  between  the  current  and  the  impressed  e.  m.  f. 
Since  in  this  case  the  current  at  any  moment  depends  on  the  e. 
M.  F.  and  the  resistance,  and  on  nothing  else. 

It  is  clewr,  howeoer^  that  if  losses  dvs  to  Foucault  currents^ 
rfbO^netic  amd  dielectric  hysteresis  are  pre^ent^  then  the  cv/rrent 
cannot  he  inAide  equal  to  the  ratio  hettceen  the  e.  m.  f.  and  the 
ohmic  resistwnce  hy  any  comJrmati<>^n  of  capaeity  and  sel f -indue- 
fion^  although  as  a  simple  reflection  loiU  shorn ^  the  difference  in 
phase  hetween  the  current  and  thi^  e.  m.  f.  way  he  reduced  to  zero 
in  this  case  also^  in  which  case  we  should  ho/ve  no  false  cv/rrent^ 
as  it  is  generally  called,  I  shall  presently  discuss  this  point  a 
little  more  fully. 

5.  Besonance  inCikcuits  with  an  Impressed  Complex  Harmonic 

Electromotive  Force. 

If  the  impressed  e.  m.  f.  is  a  complex  harmonic,  then  the  cir- 
cuit may  be  brought  into  resonance  with  any  of  the  component 
harmonics.  I  have  an  apparatus  here  which  is  capable  of  pro- 
ducing E.  M.  f.'s  of  almost  any  complexity.  I  call  it  an  electro- 
dynamic  owrreiit  interruptor^  for  want  of  a  better  name.  It  con- 
sists of  a  phosphor-bronze  wire,  the  vibrator,  a^  h,  e,  (Fig.  6), 
stretched  between  the  poles  of  a  Weston  horseshoe  magnet  d. 
A  short,  thin,  amalgamated  copper  wire  A,  the  dipper,  is  soldered 
on  the  vibrator.  The  vibrator  is  stretched  like  the  wire  of  a 
inonochord,  over  two  hard  rubber  bridges  a  e^  and  its  tension  can 
be  varied  by  a  screw  and  lever  f.     The  dipper  r  whenever  it 


I.  Profewor  Duncan,  of  JobnH  Hopkins  University  informed  me  yesterday 
that  he  deduced  the  same  result  in  the  course  of  an  investigation,  a  short 
accouDt  of  which  he  read  before  this  Institute  at  its  General  Meeting  in  Chicago 
in  1892,  ''Note on  some  Experiments  with  Alternating  Currents."  Tkansac- 
TiOKB,  Tol.  is,  p.  179. 
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dips  into  the  mercury  cup  closes  an  electrical  eircnit  F f  el 
c  g  A.  and  the  vibrator  is  then  repelled  upward  by  the  force  of 
repulsion  between  the  magnet  and  the  current  flowing  through 
the  vibrator.  One  gravity  cell^is  suflScient  to  work  this  apparatus. 
It  is  evident  that  the  fundamental  period  of  the  interrupted  cur- 
rent will  be  equal  to  the  period  of  the  vibrator.  To  change  this 
period,  say  to  make  it  equal  to  the  period  of  this  tuning  fork, 
which  is  256  complete  vibrations  per  second,  I  simply  strike  the 
tuning  fork,  hold  it  then  near  my  ear  and  by  turning  the  screw 
f  of  the  stretching  lever  I  vary  the  tension  of  the  vibrator  until 
the  rate  of  the  vibrator  and  that  of  the  tuning  fork  are  in  per- 
fect unison,  which  can  be  easily  recognized  by  watching  the 
beats.     This  whole  process  of  tuning  takes  up,  as  you  see,  only 


a  few  seconds.  In  series  with  the  cell  v  and  the  vibrator,  we 
have  a  small  coil  A^  containing  a  well  packed  bundle  of  verr 
thin  iron  wire,  and  in  shunt  with  a  is  a  condenser  d.  This  con- 
denser performs  the  function  of  bringing  this  primary  circuit 
into  partial  resonance  with  the  vibrator  which  is  recognized  by 
the  circumstance  that  at  the  moment  of  resonance  the  spark  at 
the  dipper  is  a  niininiuu). 

A  simple  reflection  will  show  you  that  the  current  generated 
by  this  interrupter  is  a  complex  harmonic.  To  analyze  it  into  its 
component  harmonics  I  shall  adopt  the  method  employed  in 
acoustics. 

A  complex  sound  is  analyzed  by  the  well-known  resonators  of 
Helmboltz.     These  resonatoTft  ate  coTve.^TacX^d  vw  %uch  a  way  that 
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they  will  respond  to  one  vibration  only,  and  also  in  a  measure  to 
its  upper  harmonics.  To  any  other  vibration  they  are  practically 
mute.  By  a  number  of  such  resonators  we  can  find  out,  in  the 
manner  first  pointed  out  by  Helmholtz,  all  the  vibrations  which 
are  contained  in  a  complex  sound. 

The  secondary  circuit  bote,  given  in  the  diagram  of  Fig.  6, 
performs  the  function  of  such  a  resonator,  it  is  in  fact  cm  ddjvsU 
able  electrical  resonator;  c  is  a  small  auxiliary  coil  which  you  see 
here ;  e  is  a  Marshall  condenser,  and  t  is  a  telephone  whose  note 
tells  me  to  which  of  the  component  harmonics  the  electrical 
resonator  responds.  The  telephone  is  silent  now,  at  any  rate  as 
far  as  you  can  tell,  because  the  condenser  plugs  are  all  out. 
Now,  with  this  plug,  I  insert  a  small  capacity.  The  note  which 
you  hear  is  evidently  much  higher  than  even  the  octave  of  the 
vibrator.  The  electrical  flow  in  the  resonating  circuit  is  approx- 
imately the  same  as  if  we  had  in  it  a  simple  harmonic  e.  m.  f.  of 
the  same  frequency  as  this  note.  I  insert  another  plug,  so  as  to 
increase  the  capacity.  The  note  which  you  now  hear  is  deeper. 
The  difference  between  the  two  notes  is  rendered  very  striking 
by  making  and  breaking  the  contact  of  the  second  plug  in  rapid 
successions,  as  I  do  now.  The  sound  of  the  two  notes,  succeed- 
ing each  other  at  regular  intervals,  resembles  very  much  the 
sound  of  bagpipes.  I  insert  another  plug,  so  as  to  increase  the 
capacity  still  more.  The  note  which  you  now  hear  is  still  deeper. 
It  is  the  note  of  the  fundamental  electrical  vibration,  which  is* 
the  same  as  the  vibration  of  the  vibrator.  I  know  that,  because, 
as  I  continue  inserting  more  and  more  plugs,  you  do  not  perceive 
any  further  change  in  the  sound.  The  capacities  which  I  intro- 
duced by  the  three  plugs  are  to  each  other  very  nearly  in  the 
ratio  of  1:9:  25,  hence  the  frequencies  of  the  three  harmonics 
contained  in  the  impressed  e.  m.  f.  and  which  I  have  detected  by 
the  resonating  secondary  circuit  are  to  each  other  in  the  ratio  of 
1:3:5. 

The  impressed  e.  m.  f.  can  therefore  be  written 

E  ^=.  Ex  sin  pi  -\-  E^%vdl  Z  pi  '\'  E^  sin  5  pi. 

Still  higher  harmonics  are  present,  but  they  are  too  weak  to  be 
heard  all  over  this  room. 

I  shall  presently  discuss  a  method  by  means  of  which  we  not 
only  detect  the  presence  of  these  harmonics,  as  I  have  just  done 
by  means  of  this  telephone,  but  also   determine   the   relative 
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strength  of  each.  The  method  imitates  in  a  certain  measure 
Prof.  Langley's  bolometric  method  of  determining  the  distribu- 
tion of  energy  in  the  spectrum  of  a  given  complex  luminoua 
Tibration. 

Before  making  the  next  step  in  my  discourse  I  wish  to  call 
your  attention  to  an  application  of  resonant  circuits  (in  conne^ 
tion  with  the  electro-dynamic  interrupter)  to  a  method  of 
producingsimple  harmonic  currents  of  constant  and  easily  deter- 
minable frequency.^  I  simply  tune  the  yibrator  by  means  of  a 
standard  tuning  fork,  and  then  weed  out  the  upper  harmonics  by 
successive  transformations.  In  this  connection  I  ought  to  men- 
tion that  Professor  Duncan  of  Johns  Hopkins  University 
informed  me  several  weeks  ago  that  he  was  also  weeding  out  har- 
monics. I  now  remember  that  I  got  the  expression  "  weeding 
out "  from  him,  but  I  have  used  it  in  my  papers  on  "  Low  Fre- 
quency Kesonance  "  without  giving  him  credit  for  this  beauti- 
fully selected  expression. 

6.     On  the  Besonakt  Rise  of  Potential. 

The  question  arises  now,  how  are  we  to  tell  experimentally 
whether  a  circuit  is  in  resonance  to  an  impressed  e.  m.  p.  or  not! 
Several  methods  suggested  themselves  to  my  mind  in  the  course 
of  my  work.  I  selected  the  one  which  appeared  to  me  to  be  the 
most  sensitive  and  most  interesting.  It  also  suggests  a  neic  vmy 
of  trmisforinin^  electrical  energy  which  smne  day  may  perhaps 
he  of  807ne  practical  iraportomce  I  wish  to  discuss  this  method 
now,  but  only  very  briefly. 

As  I  observed  before  in  the  discussion  of  the  motion  of  the 
torsional  pendulum,  represented  in  Fig.  5,  when  the  moving  force 
and  the  pendulum  are  in  resonance  then  both  the  amplitude  of 
oscillation  and  the  amplitude  of  the  velocity  reach  their  maxi- 
mum value.  And  so  it  is  also  with  a  circuit  possessing  self-in- 
ducrtion  and  capacity.  By  varying  gradually  the  one  or  the  other, 
the  current  (which  corresponds  to  the  velocity  of  the  pendulum) 
will  continually  increjise.  But  the  diflEerence  of  potential  in  the 
condenser  (which  corresponds  to  the  elastic  reaction  of  the  sus- 
pension wire)  will  also  increase  continually.  When  the  point 
of  resonance  has  been  reached  then  evidently  both  the  current 
and  the  difference  of  potential  in  the  condenser  have  reached 


1.  Pupin,  "  Electrical  Oscillations  of  Low  Frequency  and  their  ResonaDce," 
Am^irican  Journal  of  Science^  April,  1898. 
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their  maximum  values.  This  maximum  difference  of  potential 
iti  the  condenser  can  be  many  times  greater  than  the  impressed 
B.  M.  F.,  because  just  as  in  the  case  of  the  torsional  pendulum  the 
elastic  reaction  of  the  suspension  wire  is  an  accumulative  effect 
of  the  moving  force,  so  in  the  electrical  circuit,  the  potential  dif- 
ference in  the  condenser  is  an  accumulative  effect  of  tlie  im- 
pressed E.  M.  F.  Now  since  a  resonant  electrical  flow,  which  we 
have  just  considered,  consists  simply  of  a  transformation  of  elec- 
trokinetic  into  electrostatic  energy,  and  vice  orraa^  during  each  half 
period  accompanied  by  a  f rictional  loss  due  to  ohmic  resistance,  it 
is  evidentthat  the  amplitudes  of  these  two  kinds  of  energies  must 
be  equal  to  each  other,  that  is,  we  shall  have  in  the  usual  notation 

^2 


iP'C  =  iZ 


R 


2 


But  since  owing  to  resonance  we  liave  p^  L  C  =  \^  the  preced- 
ing relation  reduces  to 

P*  =  j>^IJ^^    or     P=pL^-^ 

It  is  evident,  therefore,  that  with  a  little  more  than  ordinary 
frequency,  say  350  periods  per  second,  and  an  inertia  coil  of  con- 
siderable self-induction  and  small  resistance  high  potentials  can 
be  obtained  in  the  condenser  by  bringing  the  circuit  in  resonance 
with  the  impressed  e.  m.  p..  Connecting ^  tlierefope^  the  eon^ 
(falser  U)  a  voltvwter  we  can  tell  t^t^ry  accurately  when  in  the 
rfrurse  of  our  tuning  of  the  cirmii  we  have  reached  the  point  of 
veHonance^  because^  an  I  shall  presently  show  you^  the  nolt^aye  goes 
up  very  rapidly  when  th^<  cond'eifser  capacity  or  the  self -indnctum 
are  near  the  paint  of  resonanc*\  ft  is  this  electronietrlc  method 
which  I han)e  employed  in  my  Investi'gations on  ^' Low  Freq^tency 
ResonanceP'^ 

The  same  method  can  be,  and  has  been  employed  by  several  in- 
vestigators in  the  study  of  Herzian  oscillations. 

To  show  you  how  strong  this  resonant  rise  of  potential  can  be  I 
have  within  the  last  few  days  wound  these  two  inertia  coils  (see 
coil  a'  V  in  Fig.  8)  and  borrowed  this  most  excellent  mica  conden- 
ser from  our  well-known  electrician,  Mr.  Wm.  Marshall,  for  which 
kindness  I  feel  very  grateful  to  him.     The  impressed  k.  m.  f.  is  ob- 

1.  This  relation  was  first  obtained,  I  believe,  by  Prof.  Oliver  Lodge.  (See 
a  letter  by  Prof.  O.  Lodge,  London  Electrician,  April  24th,  1891.) 

2.  American  Journal  of  Sci4' nee,  April,  May  and  June,  1898. 
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an  impulse,  say  a  tap  with  the  linger,  and  then  liBten  to  the 
vibrations,  which  in  general  will  last  for  several  minutes,  and 
give  us  sufficient  time  to  make  up  our  minds  as  to  what  the 
vibrations  sound  like.  In  examining  the  pitch  of  an  electrical  cir- 
cuit it  is  more  convenient  to  adopt  a  different  method.  The  reason 
is  that  as  a  rule  electrical  oscillations  are,  as  pointed  out  in  the  ex- 
ample above,  much  more  damped,  so  that  the  oscillations  resulting 
from  a  single  impulse  would  not  Inst  long  enough  to  give  us  suffi- 
cient time  to  see  what  they  look  like,  or  to  listen  and  hear  what  they 
sound  like.  The  method  suggested  by  the  stroke  of  a  violin  bow 
over  the  string  is  preferable.  The  stroke  of  the  bow  producet^ 
a  series  of  impulses  which  (juickly  succeed  each  other  and  main- 
tain the  string  in  uniform  vibration.  It  is  interesting  now  to 
observe  that  the  same  thing  can  ])e  done  with  an  electrical  circuit. 
Consider  the  circuit  a  n  c  Fig.  4.  The  condenser  b  represents 
the  tension  on  the  violin  string,  coil  a  represents  its  inertia.  The 
air-gap  c  stands  for  the  point  where  the  bow  by  its  stroke  excites 
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the  string.  If  you  now  wish  a  musician  who  plays  with  a  one- 
sided stroke,  use  a  high  potential  direct  current  generator  d,  and 
for  an  alternating  stroke  substitute  an  alternator.  The  discharge? 
at  the  air-gap  c  succeeding  each  other  quickly  enough,  an<l  at 
pro)H»r  intervals  will  maintain  in  the  circuit  a  b  o  practically 
uniform  electrical  oscillationti.  This  is  one  of  Tesla's  favorite 
circuits,  and  I  have  no  dou])t  but  that  he  will  accomplish  great 
things  with  it  yet.^  Bring  a  few  turns  of  wire  of  a  telephone 
circuit  into  inductive  influence  of  this  circuit,  and  you  will  have 
in  the  telephone  a  musical  note  (►f  exactly  the  sjime  pitch  as  the 
pitch  of  the  electrical  oscillations  in  the  circuit  a  b  c.  The  note 
is  not  perfectly  pure.  It  is  marred  by  the  noise  of  the  spark 
discharge  of  the  air-gaj)  c.  Neither  is  the  note  of  the  violin 
string  pure ;  there  is  always  more  or  less  of  the  scraping  noise 
of  the  bow.     »Iust  as  it  is  necessary  to  keep  the  bow  well  rosined 

1.  It  must  be  observed,  however,  that  Hertz,  in  1887.  produced  his  oscilla- 
tions by  a  circuit  of  this  identical  form. 
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so  as  to  give  it  a  good  grip  upon  the  string,  so  it  is  necessary  to 
apply  a  strong  current  of  air  or  the  action  of  some  other  of 
Tesla's  devices  upon  the  air-gap  c,  otherwise  an  arc  is  formed 
and  the  generator  n  loses  its  grip  upon  the  circuit  a  b  c.  ^  If  we 
had  a  number  of  different  coils  with  condensei*s  like  a  and  b 
alongside  of  each  other,  and  arranged  in  sucli  a  way  as  to  be  able 
to  place  them  at  will,  now  the  one  and  now  the  other,  and  now 
again  a  number  of  them  in  multiple  under  the  action  of  the  elec- 
triciil  bow  which  the  generator  d  keeps  moving  over  the  air-gap 
V  and  at  the  same  time  vary  the  capacities,  we  sl^ould  be  able  to 
change  the  electrical  vibrations  of  our  sjstem  with  that  ease, 
precision  and  grace  which  the  violin  player  displays  when  with 
the  one  hand  he  guides  his  obedient  bow,  while  the  busy  lingers 
of  the  other  hand  glide  over  the  trembling  strings,  eliciting  from 
them  delightful  notes  which  blend  into  pleasing  harmonies.  So 
with  our  system  of  properly  tuned  electrical  circuits,  we  could  pro- 
duce harmonies,  but  they  would  be  harmonies  of  silence,  harmo- 
nious oscillations  in  the  ether  that  aflfect  neither  eye,  nor  ear, 
nor  taste,  nor  smell.  Hut  bring  a  part  of  a  telephone  circuit 
into  inductive  action  of  our  harmonic  system,  and  let  a  skilled 
experimentalist  manipulate  a  properly  constructed  keyboard 
which  controls  the  coils  and  condensers  of  the  various  circuits, 
and  harmonies  which  before  were  as  silent  as  the  grave,  will  now 
agitate  the  responsive  diaphragm  of  the  telephone  and  produce 
music  that  could  be  made  to  re-echo  in  every  telephone  in  the 
TTnited  States. 

But  after  all,  such  an  arrangement  when  used  for  such  a  pur- 
pose, would  be  a  mere  toy  in  comparison  to  the  purpose  for 
which  our  distinguished  colleague,  Mr.  Tesla,  employs  it.  To 
convert  high-potential  but  small  current  electrical  energy  into 
low-potential  big  current  energy,  or  vie*'  verm^  ac^companied  by 
all  possible  variations  in  the  frequency  of  oscillations  was  the 
purpose  for  which  Mr.  Tesla  constructed  the  device.  To  a 
physicist  who  delights,  not  less  than  the  engineer,  in  neat, 
simple  devices  for  the  accomplishment  of  big  and  brilliant 
eflfecte  this  device  of  Tesla  naturally  ap])eals  more  than  all  his 
other  ingenious  inventions.  Many  a  delightful  hour  have  I  spent 
in  watching  experiments  on  a  circuit  like  the  one  in  Figure  4.    The 

2.  The  importance  of  blowing  out  the  arc  for  the  production  of  powerful 
oscillations  seems  to  have  been  first  recognized  by  U.  Cinssen,  Wiedemann 
Annal.  d.  Physik  und  cUemie,  Band  xixxx,  p.  647^  1890, 
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coil  A  consisted  of  a  short,  stout  copper  wire ;  the  condenser  b 
consisted  of  a  battery  of  Leyden  jars,  which  my  distingnished 
teacher,  Professor  Rood,  of  (^olumbia  College,  kindly  lent  me. 
The  wires  air  were  thin  copper  wires  connecting  the  air-gap  c  to 
the  poles  of  an  induction  coil  which  is  now  in  the  hospital.     It 
is  a  delightful  sight  to  see  the  stout  wire  aglow  under  the  power- 
ful agitation  of  the  rapid  oscillations,  whereas  the  thin  wires  aa 
adjoining  them  remained  perfectly  cool.  Twist  now  the  thick  wire 
A  into  a  few  convolutions,  say  ten  or  twelve,  and  surround  them 
by  a  few  hundred  turns  of  line  wire  and  you  will  have  the  now" 
well-known  oscillatory  transformer  with  which  Mr.  Tesla  ancB 
Professor  Elihu  Thomson  produced  some  brilliant  effects,  a  trans- 
former that  will  give  yon  any  number  of  volts  especially  if, 


and  now  I  am  going  to  touch  a  point  which  forms  the  central 
point  of  my  discourse, — especially  if  the  thin  wire  coil  contain^B 
capacity  in  series  with  it^  so  that  the  natural  period  of  this  oir — - 
o^iit  is  the  same  as  the  period  of  the  thiclcwire  eoil^  that  *#  ifthe^ 
two  cireifits  are  if)  resoiiavce, 

4.  On  Resonance. 

Here  again  I  have  borrowed  a  term   employed  in  music.     But^ 
a  few  simple  considerations  will  show  you  that  it  is  very  natural 
that  I  should,  for  the  phenomena  of  sound  and  those  of  oscilla- 
tory flow  of  electricity  are  iJ^overned  ]>v   nearly  the  same  laws. 
Very  high  frequency  electrical  oscillations  would  in  all  probability 
be   identical    with    light,  as  first  announced  by   immortal    Max- 
well.    It  is,  therefore,  not  8uri)rising  to  find  that  low  frequency 
electrical  oscillations  should  resemble  so  much   the  other  group 
of  oscillatory  phenomena  which  next  to  light  pleases  our  senses 
best,   namely,    the   phenomena   of   sound,   especially   agreeable 
sound,  that  is  music. 

To  gain  a  clear  conception  of  what  is  meant  by  electrical 
resonance  consider  the  following  simple  mechanical  analogon — I 
call  it  the  torsoniaJ pendvlnm  : — I  used  it  often  with  my  students 
in  discussing  alternating  current  phenomena  and  they  liked  it 
y^ry  much.  A  heavy  bar  a  (Fig.  5)  is  suspended  on  a  stiflE  elastic 
wire  B,  which  is  attached  to  a  plate  v,  whose  weight  may  be 
neglected.  This  plate  c  slides  in  a  groove  aa  which  in  consequence 
of  friction  acts  like  a  brake.  Suppose  now  that  the  friction  be- 
tween c  and  aa  is  such  that  when  the  angular  velocity  of  c  is  fl» 
the  rate  at  which  heat  is  generated  by  the  friction  between  c  and 
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eta  is  equal  to  o)^  H  where  b  is  independent  of  the  angular  veloc- 
ity. This  torsional  pendulum  resembles  then  very  much  an 
electrical  circuit  having  localized  self-induction,  capacity  and 
ohmic  resistance.  The  moment  of  inertia  of  a,  the  elasticity  of 
B,  and  the  friction  in  c  act  exactly  the  same  as  the  coefficient  of 
self-induction  of  the  coil,  the  capacity  of  the  condenser,  and  the 

ohmic  resistance  of  the  circuit.     Let  -^  stand  for  the  elastic  ca- 

o 

pacity  of  the  wire,  that   is  if  the  wire  be  twisted  through  an 

angle  0,  then  the  moment  of  the  elastic  force  which  opposes  this 

twisting  is  -=- .  Let  i  stand  for  the  moment  of  inertia  of  the 
weight  A,  then  as  long  as  the  frictional  resistance  is  within  cer- 


FiG.  5. 


tain  limits  we  shall  have  for  the  natural  period  of  the  pendulum 

T=2n  V  Ix  B. 

You  see  that  this  expression  is  exactly  the  same  as  the  one 
which  expresses  the  natural  period  of  the  circuit  in  terms  of  its 
coefficient  of  self-induction  and  capacity. 

If  this  pendulum  is  set  in  motion  by  a  single  impulse  it  will  oscil- 
late with  a  constant  period.  The  first  elongation  will  be  largest, 
and  the  successive  elongations  will  l)e  smaller  and  smaller,  just  as 
represented  in  Fig.  2,  until  the  pendulum  is  reduced  to  rest  again. 
This  will  happen  when  the  energy  of  the  impulse  has  been  entirely 
dissipated  into  heat,  which  is  the  work  done  against  frictional  re- 
sistances in  the  break  at  (7.  The  smaller  this  frictional  resistance, 
the  longer  will  the  pendulum  swing  in  consequence  of  tke  \n\- 
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coil  A  consisted  of  a  short,  stout  copper  wire;  thr  "- 

consisted  of  a  battery  of  Leyden  jars,  which  n*  'w 

teaclier,  Profe^*sor  Rood,  of  Colmnbia  College  ^^" 

The  wires  an  were  thin  copper  wii*e«  connec* 
the  ]K)les  of  an   indnction  coil  which  is  no^  'ij  ^''^ 

i.s  a  delightful  sight  to  see  the  stout  wire  '  tl>ft*  ^^ 

ful  agitation  of  the  rapid  oscillations,  w  ^}:  rt'**^ 

ad  joining  them  remained  perfectly  coo^  eqnilib- 

A  into  a  few  convolutions,  say  ten  o  ^lon  in  wliicli 

by  a  few  hundred  turns  of  fine  w"  ■    the  swinj:  will 

well-known  oscillatory  transfer  .ipulse  are  not  Inea^• 

ProfcfSrtor  Klihu  Thomson  pro^  .viien  the  period  of  the 

former  that  will  give  you  r  .lodtif  the  pendulum  thetv 

and  now  I  am  going  to  tr  s  are  said  then  to  he.  ru  /vxc>/'- 

point  of  my  discourse, — 

rapaelty  in  senen  with  .iKlured  if  for  the  impulse^  we  ^ul»rr  »^^* 

ruit  itt  the  sam4i  iM  th        — a^iually  alternating  force,  say  a  sini|  ^  ^ 
two  ArtmiU  are  »w  -  :;.e  >anie  ])erio<l  as  the  natnral  period    ' 


A.TiuiT  upon   the  t«irsii»nal   ])endnhnu  ju  ^^ 


Here  again      .--  *,    .,  ;^    increase  rlu^  amplitude  i»f  the  swiii;^ 
a  few  simplf  i;^; r      ^  ^    ar^e  riiat    the  work   done  <luring  a  swin^ 
that  I  shoT  ./•;.,..»  -        -tM-rim^'^'S  ''^   i"^^  etiual  to  the  wt»rk  of  tli  ^ 
tory  flow  >;^^'>        ..;  thai  rime.      Krom   that  point   on.  thr  lun 
Very  h     ^*  -  -  ••        ^^-y^x  vMn^rant  aiin>litudi\      It  is  evident,  there  -" 

^^'       i^'  --    '     .'I'  r*-^if<fainut<^fhf  lar(jt'rtr!nhet/ieiimjtrttiiil' 

^^^        g0j''''  ''         \\t\\  a  larire  amplituth*  imidies  two  thin<rs :—  1st. 

^         /^'  '         '    ,,t,ff'n/(  in  the  snsiiension   wire,  and  seetnidlv. 

Jl  ^^  •  ^..^.  \\luMiever  thi*  pendnlnni    passes  through  its  pi»<i- 

^  '  V  .!!- .-t;**  ot'  rhi>  lucflianieal  aiial(»^on  ui)on  the  electric  cur- 

*     .  ^j.it  iiulu«-tii»ii  and  eai)aeitv  is    very  direct,  as   I  shall 

■        ,-^    t»*»i!it  iMii.      Let  a  simple  harmonic  k.  m.  k.  A' sin  /»f.  act 

.,  -'■•    »i  viri'iiil.      1   >liall   i)re»entlv   consider  u  comi>lex   har- 
.V     \i    • .,  and  nU«»  <-iirnits  pt>ssessiMir  Foucjuilt  current  liisses. 

•  ^.isfi^'-  *?"»*   I*'  niairnciic  :tnd  ilieh^'tric  hysteresis.      Thev  will 
.  <>.i»  Irt^i.  aiul  in  mv  opinion  the  most  nnpt^rtant  part  «»t  nn 

K     %'i:'^<'         ^    »*imj»lc    harmonic  i:.  m.  k.  acting  n]>on   an  fA/^//-* 

■  V  in  which  tlii'  only   frictional  losses  are  tlu'se  diu* 
.  ,.!it«iu-  ivsi>iaiic«'.  will  w  luii  iroppriud  istlie  siimeaK  tlie  oatunil 
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'lit,  that  ie  wlien*^  is  in  resmiance  with  the  cireidt, 
■^  tlie  amplitude  of  the  electric  displacement, 
"■  J  *.  '  ^he  condenser  charge  and  therefore  also  of 

^    *;^  \  done  against  the  ohmic  resistance  is 

'  t  he  impressed  e.  m.  f.     From  this 

..    '   .        •  ^rrent  will  remain  constant  and 

*i»  ^ed  E.  M.  F.  divided  by  the 

•  I        .       ^  jrms  which  are  more  gen- 

^  fc     *  *     *        *'  .aelf -induction  nejitralize  each 

\,    "1     '*  o n  an  ce  loith  the  impressed  Y,,  ^.  ¥, 

•^         ,  .1  resonant  flow,  there  can  be  no  differ- 

'*  the  current  and   tlie  impressed  e.  m.  f. 

^  iC  current  at  any  moment  depends  on  the  k. 

distance,  and  on  nothing  else. 
/•,  however^  that  if  Jonne^  due  to  Fmicault  <mrre7its, 
c  and  di^hctrio  hysten'Ri^^  are  present^  then  the  current 
iOt  he  imide  equal  to  the  ratio  hetireen  the  e.  m.  f.  and  the 
thmic  resi^t<i)tce  hy  any  eoinhinatum  of  capa<Aty  and  self-induc- 
tion^ aJihirugh  as  a  simple  reflection  will  shoin^  the  diference  in 
phase  hetween  the  current  and  the  e.  m.  f.  may  he  redv^ced  to  zero 
in  this  case  also^  in   which  case  we  shoidd  Jiwve  no  false  current^ 
as  it  is  generally  ca/J^ed.     I   shall  presently  discuss  this  point  a 
little  more  fully. 

5.  Krsonance  inCikcuits  with  an  Impressed  Complex  Harmonic 

Electromotive  Force. 

If  the  impressed  e.  m.  f.  is  a  complex  harmonic,  then  the  cir- 
cuit may  be  brought  into  resonance  with  any  of  the  component 
harmonics.  I  have  an  apparatus  here  which  is  capable  of  pro- 
ducing E.  M.  f.'s  of  almost  any  complexity.  I  call  it  an  electro- 
dynamic  current  interruptor^  for  want  of  a  better  name.  It  con- 
sists of  a  phosphor-bronze  wire,  the  vibrator,  ^,  J,  e^  (Fig.  6), 
stretched  between  the  poles  of  a  Weston  horseshoe  magnet  d, 
A  short,  thin,  amalgamated  copper  wire  J,  the  dipper,  is  soldered 
on  the  vibrator.  The  vibrator  is  stretched  like  the  wire  of  a 
monochord,  over  two  hard  rubber  bridges  a  /%  and  its  tension  can 
be  varied  by  a  screw  and  lever  f     The  dipper  <•  whenever  it 


1.  Profeisor  Duncaa,  of  Johns  Hopkins  University  informed  me  yesterday 
that  he  deduced  the  same  result  in  the  course  of  an  investigation,  a  short 
account  of  which  he  read  before  this  Institute  at  its  General  Meeting  in  Chicago 
in  1892,  **  Note  on  some  Experiments  with  Alternating  Currents."    Tkansac- 

TIORB,  TOl.  IZ,  p.  179. 
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puke,  before  it  is  reduced  to  rest.  On  the  other  hand  we  can  in- 
crease the  resistance  in  C  to  such  an  extent  as  to  make  the  swing 
a^periodic  or  dead  beat,  as  is  for  instance  the  case  in  the  Weston 
voltmeters  and  ammeters. 

Repeat  the  impulse  at  regular  intervals,  alternating  them,  the 
pendulum  will  keep  on  swinging  ;  but  you  can  easily  see  that  if 
the  intervals  of  the  impulses  are  measured  off  in  such  a  way  that 
every  time  the  pendulum  passes  through  its  position  of  equilib- 
rium, the  impulse  strikes  it,  and  strikes  it  in  the  direction  in  which 
the  pendulum  is  moving,  then  the  amplitude  of  the  swing  will 
be  much  larger  than  if  the  intervals  of  the  impulse  are  not  meas- 
ured off  in  such  a  way.  In  other  words  when  the  period  of  the 
impulses  is  the  same  as  the  natural  period  of  the  pendulum  then 
the  swing  is  largest.  The  impulses  are  naid  then  to  he  in  remn- 
(t/noe  with  the  penduhim. 

The  same  effect  will  be  produced  if  for  the  impulses  we  substi- 
tute a  periodically  but  gradually  alternating  force,  say  a  simple 
harmonic  force,  having  the  same  period  as  the  natural  period  of 
the  pendulum. 

Such  a  force  when  acting  ui)on  the  torsional  pendulum  jiist 
described  will  continually  increase  the  am|)litude  of  the  swing, 
until  the  swing  is  so  large  that  the  work  done  during  a  swiiijr 
against  the  fric^tional  resistances,  is  just  eijual  to  the  work  of  the 
moving  force  during  that  time.  From  that  point  on,  the  i>eii- 
dulum  will  swing  with  constant  amplitude.  It  is  evident,  there- 
fore, that  the  larger  th*'  (implltvfle  of  the  imrvimj  forre  nnJ  the 
mnaUer  thefrh'thmal  reshtanre^^the  larger  wHJ  hethedmjflitHfl* 
of  the  Hwiny,  But  a  large  amplitude  implies  two  things  : — let, 
A  large  tontionffl  readlon  in  the  suspension  wire,  and  secondly, 
a  large  vehxdty  whenever  the  ])enduluni  ])asses  through  its  jK»si- 
tion  of  e([uilil)riunK 

The  beaiing  of  this  mechanical  analogon  u|)on  the  electric  cur- 
cuit  having  self-induction  and  capacity  is  very  direct,  as  I  shall 
presently  point  out.  Let  a  sim])]e  harmonic  e.  m.  f.  K ^\i\  pt,  act 
upon  such  a  circuit.  1  sliall  presently  consider  a  complex  har- 
monic K.  M.  p.,  and  also  circu its  ])osses8ingFoucau It  current  losses, 
and  losses  <hie  to  magnetic*  and  dielectric  hysteresis.  They  will 
form  the  last,  and  in  my  opinion  the  most  important  part  of  my 
discourse.  A  simple  hanuonic  k.  m.  f.  acting  u])on  an  elastic 
electrical  circait  m  which  the  only  frictional  losses  are  those  due 
to  ohmic  resistance,  will  when  its  period  isthesameas  the  natural 
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period  of  the  circuit,  that  ie  when  it  is  in  resona/nce  with  the  circuity 
continually  increase  the  amplitude  of  the  electric  displacement, 
that  is  the  amplitude  of  the  condenser  charge  and  therefore  also  of 
the  current,  until  the  work  done  against  the  ohmic  resistance  is 
exactly  equal  to  the  woi'k  of  the  impressed  e.  m.  f.  From  this 
point  on  the  amplitude  of  the  current  will  remain  constant  and 
equal  to  the  amplitude  of  the  impressed  e.  m.  f.  divided  by  the 
ohmic  resistance.  Or,  to  state  it  in  terms  which  are  more  gen- 
erally  employed :  Capacity  and  self-induction  7ieutralize  each 
otlier  when  the  circuit  is  in  reso7iunce  with  the  impressed  e.  m.  f. 

It  is  evident  also  that  in  a  resonant  flow,  there  can  be  no  differ- 
ence in  phase  between  the  current  and  the  impressed  e.  m.  f. 
Since  in  this  case  the  current  at  any  moment  depends  on  the  b. 
M.  F.  and  the  resistance,  and  on  nothing  else. 

It  is  clear,  however,  that  if  hsses  dvs  to  FoucauLt  cv/rrents, 
magnetic  a/nd  dielectric  hysteresis  are  present,  then  the  cv/rrent 
cannot  be  inade  equal  to  the  ratio  hetu^een  the  e.  m.  f.  and  the 
ohmic  resistance  hy  amy  comhination  of  capa^city  and  sdf-dnd^ic- 
tio^n,  although  as  a  sitnple  reflection  will  show,  the  diference  in 
phase  ietween  the  current  and  the  e.  m.  f.  may  he  reduced  to  zero 
in  this  case  dl^so^  in  which  case  we  should  ho/ve  no  false  current, 
as  it  is  generally  called.  I  shall  presently  discuss  this  point  a 
little  more  fully. 

5.  Resonance  in  Circuits  with  an  Impressed  Complex  Harmonic 

Electromotive  Force. 

If  the  impressed  e.  m.  f.  is  a  complex  harmonic,  then  the  cir- 
cuit may  be  brought  into  resonance  with  any  of  the  component 
harmonics.  I  have  an  apparatus  here  which  ie  capable  of  pro- 
ducing E.  M.  F.'s  of  almost  any  complexity.  1  call  it  an  elect/ro- 
dyna/mic  current  interruptor^  for  want  of  a  better  name.  It  con- 
sists of  a  phosphor-bronze  wire,  the  vibrator,  a,  h,  e,  (Fig.  6), 
stretched  between  the  poles  of  a  Weston  horseshoe  magnet  d, 
A  short,  thin,  amalgamated  copper  wire  h,  the  dipper,  is  soldered 
on  the  vibrator.  The  vibrator  is  stretched  like  the  wire  of  a 
monochord,  over  two  hard  rubber  bridges  a  e^  and  its  tension  can 
be  varied  by  a  screw  and  lever  f     The  dipper  r  whenever  it 


1.  Professor  Duncan,  of  Johns  Hopkins  University  informed  me  yesterday 
that  he  deduced  the  same  result  in  the  course  of  an  investigation,  a  short 
accouot  of  which  he  read  before  this  Institute  at  its  General  Meeting  in  Chicago 
in  1892,  ''Note on  some  Experiments  with  Alternating  Currents."  Tkansac- 
TION8,  vol.  iz,  p.  179. 
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dips  into  the  mercury  cup  closes  an  electrical  circuit  Ffel 
c  g  A,  and  the  vibrator  is  then  repelled  upward  by  the  force  of 
repulsion  between  the  magnet  and  the  current  flowing  through 
the  vibrator.  One  gravity  cell/* is  sufficient  to  work  this  apparatus. 
It  is  evident  that  the  fundamental  period  of  the  interrupted  cur- 
rent will  be  equal  to  the  period  of  the  vibrator.  To  change  this 
period,  say  to  make  it  equal  to  the  period  of  this  toning  fork, 
which  is  256  complete  vibrations  per  second,  I  simply  strike  the 
tuning  fork,  hold  it  then  near  my  ear  and  by  turning  the  screw 
f  oi  the  stretching  lever  I  vary  the  tension  of  the  vibrator  until 
the  rate  of  the  vibrator  and  that  of  the  tuning  fork  are  in  per- 
fect unison,  which  can  be  easily  recognized  by  watching  the 
beats.     This  whole  process  of  tuning  takes  up,  as  you  see,  only 


Pig.  6. 


a  few  seconds.  In  series  with  the  cell  f  and  the  vibrator,  we 
have  a  small  coil  A,  containing  a  well  packed  bundle  of  very 
thin  iron  wire,  and  in  shunt  with  a  is  a  condenser  d.  This  con- 
denser performs  the  function  of  bringing  this  primary  circuit 
into  partial  resonance  with  the  vibrator  which  is  recognized  by 
the  circumstance  that  at  the  moment  of  resonance  the  spark  at 
the  dipper  is  a  minim niu. 

A  simple  reflection  will  show  you  that  the  current  generated 
by  this  interrupter  is  a  complex  harmonic.  To  analyze  it  into  its 
component  harmonics  I  shall  adopt  the  method  employed  hi 
acoustics. 

A  complex  sound  is  analyzed  by  the  well-known  resonators  of 
Helmholtz.     These  resonators  are  constructed  in  such  a  wav  that 
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they  will  respond  to  one  vibration  only,  and  also  in  a  measure  to 
its  upper  harmonics.  To  any  other  vibration  they  are  practically 
mute.  By  a  number  of  such  resonators  we  can  find  out,  in  the 
manner  first  pointed  out  by  Helmholtz,  all  the  vibrations  which 
are  contained  in  a  complex  sound. 

The  secondary  circuit  bote,  given  in  the  diagram  of  Fig.  6, 
performs  the  function  of  such  a  resonator,  it  is  in  fact  an  adjust- 
able  electrical  resonator;  c  is  a  small  auxiliary  coil  which  you  see 
here ;  e  is  a  Marshall  condenser,  and  t  is  a  telephone  whose  note 
tells  me  to  which  of  the  component  harmonics  the  electrical 
resonator  responds.  The  telephone  is  silent  now,  at  any  rate  as 
far  as  you  can  tell,  because  the  condenser  plugs  are  all  out. 
Now,  with  this  plug,  I  insert  a  small  capacity.  The  note  which 
you  hear  is  evidently  much  higher  than  even  the  octave  of  the 
vibrator.  The  electrical  flow  in  the  resonating  circuit  is  approx- 
imately the  same  as  if  we  had  in  it  a  simple  harmonic  e.  m.  f.  of 
the  same  frequency  as  this  note.  I  insert  another  plug,  so  as  to 
increase  the  capacity.  The  note  which  you  now  hear  is  deeper. 
The  diflEerence  between  the  two  notes  is  rendered  very  striking 
by  making  and  breaking  the  contact  of  the  second  plug  in  rapid 
successions,  as  I  do  now.  The  sound  of  the  two  notes,  succeed- 
ing each  other  at  regular  intervals,  resembles  very  much  the 
sound  of  bagpipes.  I  insert  another  plug,  so  as  to  increase  the 
capacity  still  more.  The  note  which  you  now  hear  is  still  deeper. 
It  is  the  note  of  the  fundamental  electrical  vibration,  which  is* 
the  same  as  the  vibration  of  the  vibrator.  I  know  that,  because, 
as  I  continue  inserting  more  and  more  plugs,  you  do  not  perceive 
any  further  change  in  the  sound.  The  ca])acitie8  which  I  intro- 
duced by  the  three  plugs  are  to  each  other  very  nearly  in  the 
ratio  of  1:9:  25,  hence  the  frequencies  of  the  three  harmonics 
contained  in  the  impressed  e.  m.  f.  and  which  I  have  detected  by 
the  resonating  secondary  circuit  are  to  each  other  in  the  ratio  of 
1:3:5. 

The  impressed  e.  m.  f.  can  therefore  be  written 

E ^  E^  sinpt  -\-  E^BinSpt  -}-  Ei  sin  5pt. 

Still  higher  harmonics  are  present,  but  they  are  too  weak  to  be 
heard  all  over  this  room. 

I  shall  presently  discuss  a  method  by  means  of  which  we  not 
only  detect  the  presence  of  these  harmonics,  as  I  have  just  done 
by  means  of  this  telephone,  but   also   determine   the   relative 


382  PUPIN  ON  ELECTRICAL  RE80NANOB.  [Maj  17, 

strength  of  each.  The  method  imitates  in  a  certain  measure 
Prof.  Langley's  bolometric  method  of  determining  the  distribu- 
tion of  energy  in  the  spectrum  of  a  given  complex  Inminoua 
ribration. 

Before  making  the  next  step  in  my  discourse  1  wish  to  call 
your  attention  to  an  application  of  resonant  circuits  (in  conne^ 
tion  with  the  electro-dynamic  interrupter)  to  a  method  of 
producingsiuiple  harmonic  currents  of  constant  and  easily  deter- 
minable frequency.^  I  simply  tune  the  ribrator  by  means  of  a 
standard  tuning  fork,  and  then  weed  out  the  upper  harmonics  by 
successive  transformations.  In  this  connection  I  ought  to  men- 
tion that  Professor  Duncan  of  Johns  Hopkins  University 
informed  me  several  weeks  ago  that  he  was  also  weeding  out  har- 
monics. 1  now  remember  that  I  got  the  expression  "  weeding 
out "  from  him,  but  I  have  used  it  in  my  papers  on  "  Low  Fre- 
quency Resonance  "  without  giving  him  credit  for  this  beauti- 
fully selected  expression. 

6.     On  thk  IlESONAirr  Rise  of  Potentia^l. 

The  question  arises  now,  how  are  we  to  tell  experimentally 
whether  a  circuit  is  in  resonance  to  an  impressed  e.  m.  f.  or  not? 
Several  methods  suggested  themselves  to  my  mind  in  the  course 
of  my  work.  I  selected  the  one  which  appeared  to  me  to  be  the 
most  sensitive  and  most  interesting.  It  also  suggests  a  n€%c  way 
^  of  transfo^nnin^  electrical  energy  which  saine  day  inay  perhaps 
he  of  smne  practical  importwnce  I  wish  to  discuss  this  method 
now,  but  only  very  briefly. 

As  I  observed  before  in  the  discussion  of  the  motion  of  the 
torsional  pendulum,  represented  in  Fig.  5,  when  the  moving  force 
and  the  pendulum  are  in  resonance  then  both  the  amplitude  of 
oscillation  and  the  amplitude  of  the  velocity  reach  their  maxi- 
mum value.  And  so  it  is  also  with  a  circuit  possessing  self-in- 
duction and  capacity.  By  varying  gradually  the  one  or  the  other, 
the  current  (which  corresponds  to  the  velocity  of  the  pendulum) 
will  continually  increase.  But  the  diflEerence  of  potential  in  the 
condenser  (which  corresponds  to  the  elastic  reaction  of  the  sus- 
pension wire)  will  also  increase  continually.  When  the  point 
of  resonance  has  been  reached  then  evidently  both  the  current 
and  the  difference  of  potential  in  the  condenser  have  reached 


1.  Pupin,  '*  Electrical  Oscillations  of  Low  Frequency  and  their  Reeonance. 
American  Journal  of  Science,  April,  1898. 
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their  maximnm  values.  This  maximnm  difference  of  potential 
in  the  condenser  can  be  many  times  greater  than  the  impressed 
E.  M.  K.,  because  just  as  in  the  case  of  the  torsional  pendulum  the 
elastic  reaction  of  the  suspension  wire  is  an  accumulative  effect 
of  the  moving  force,  so  in  the  electrical  circuit,  the  potential  dif- 
ference in  the  condenser  is  an  accumulative  effect  of  tlie  im- 
pressed E.  M.  F.  Now  since  a  resonant  electrical  flow,  which  we 
have  just  considered,  consists  simply  of  a  transformation  of  elec- 
trokinetic  into  electrostatic  energy,  and  vice  mrsa^  during  each  half 
period  accompanied  by  a  f  rictional  loss  due  to  ohmic  resistance,  it 
is  evidentthat  the  amplitudes  of  these  two  kinds  of  energies  must 
be  equal  to  each  other,  that  is,  we  shall  have  in  the  usual  notation 


iP'  C  =  iZ 


R 


But  since  owing  to  resonance  we  have  p^  L  6^  =  1 ,  the  preced- 
ing relation  reduces  to 

P*==p'r?^^    or     />=_?,Z^.<" 

It  is  evident,  therefore,  that  with  a  little  more  than  ordinary 
frequency,  say  350  periods  per  second,  and  an  inertia  coil  of  con- 
siderable self-induction  and  small  resistance  high  potentials  can 
be  obtained  in  the  condenser  by  bringing  the  circuit  in  resonance 
with  the  impressed  e.  m.  f..  Comiscting^  th^refore^  the  eon^ 
denser  to  a  voUiaeter  we  can  teU  very  acoMrately  icheu  in  the 
emirne  of  our  tuning  of  the  cinmit  we  ho/ve  reaehed  the  point  of 
resonunce^  heeaitse^  a-x  I  i<hiM  prt^mntly  show  you^  the  voltage  goef< 
up  very  rapidly  when  th'  eo7id,enMer  capacity  or  the  self  Induction 
are  near  ihepai/nt  of  resonaner,  ft  is  this  electro  metric  method 
lohlch  I ha/ve  employed  in  my  Investi^gation^  on  '^Low  Freq^tency 
ResonanceP'^ 

The  same  method  can  be,  and  has  been  employed  by  several  in- 
vestigators in  the  study  of  Herzian  oscillations. 

To  show  you  how  strong  this  resonant  rise  of  potential  can  be  I 
have  within  the  last  few  days  wound  these  two  inertia  coils  (see 
coil  a'  V  in  Fig.  8)  and  borrowed  this  most  excellent  mica  conden- 
ser from  our  well-known  electrician,  Mr.  Wm.  Marshall,  for  which 
kindness  I  feel  very  grateful  to  him.     The  impressed  e.  m.  f.  is  ob- 

1.  This  relation  was  first  obtained,  I  believe,  by  Prof.  Oliver  Lodge.    (See 
a  letter  by  Prof.  O.  Lodge,  London  Electrician,  April  24th,  1891.) 
3.  American  Journal  of  Seirnce,  April,  May  and  June,  1898. 
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an  impulse,  say  a  tap  with  the  linger,  and  then  listen  to  the 
vibrations,  which  in  general  will  last  for  several  minutes,  and 
give  us  sufficient  time  to  make  up  our  minds  as  to  what  the 
vibrations  sound  like.  In  examining  the  pitch  of  an  electrical  cir- 
cuit it  is  more  convenient  to  adopt  a  diflEerent  method.  The  reasoii 
is  that  as  a  rule  electrical  oscillations  are,  as  pointed  out  in  the  ex- 
ample above,  much  more  dam[)ed,sothat  the  oscillations  resulting 
from  a  single  impulse  would  not  last  long  enough  to  give  us  suffi- 
cient time  to  see  what  they  look  like,  or  to  listen  and  hear  what  they 
sound  like.  The  method  suggested  by  the  stroke  of  a  violin  bow 
over  the  string  is  preferable.  The  stroke  of  the  bow  produces 
a  series  of  impulses  which  (juickly  succeed  each  other  and  main- 
tain tlie  string  in  uniform  vibmtion.  It  is  interesting  now  to 
observe  that  the  ^ame  thins:  can  l)e  done  with  an  electrical  circuit. 
Consider  the  circuit  a  b  o  Fig.  4.  The  condenser  b  represents 
the  tension  on  the  violin  string,  coil  a  represents  its  inertia.  The 
air-gap  c  stands  for  the  point  where  the  bow  by  its  stroke  excites 


B 
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the  string.  If  you  now  wish  a  musician  who  plays  with  a  one- 
sided stroke,  use  a  high  potential  direct  current  generator  d,  and 
for  an  alternating  stroke  substitute  an  alternator.  The  discharges 
at  the  air-gap  c  succeeding  each  otiier  quickly  enough,  and  at 
proper  intervals  will  maintain  in  the  circuit  a  b  c  practically 
uniform  electrical  oscillatioui^.  This  is  one  of  Tesla's  favorite 
circuits,  and  I  have  no  doubt  but  that  he  will  accomplish  great 
things  with  it  yet.^  Bring  a  few  turns  of  wire  of  a  telephone 
circuit  into  inductive  influence  of  this  circuit,  and  you  will  have 
in  the  telephone  a  musical  note  of  exactly  the  same  pitch  as  the 
pitch  of  the  electrical  oscillations  in  the  circuit  a  b  c.  The  note 
is  not  perfectly  pure.  It  i^  marred  by  the  noise  of  the  spark 
discharge  of  the  air-gaj)  r.  Neither  is  the  note  of  the  violin 
string  pure:  there  is  always  more  or  less  of  the  scraping  noise 
of  the  bow.     Just  as  it  is  necessary  to  keep  the  bow  well  rosined 

1.  It  must  be  observed,  howevier,  that  Hertz,  in  1887.  produced  his  oscilla- 
tiona  by  a  circuit  of  this  identical  form. 
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8o  as  to  give  it  a  good  grip  upon  the  string,  so  it  is  necessary  to 
apply  a  strong  current  of  air  or  the  action  of  some  other  of 
Tesla's  devices  upon  the  air-gap  c,  otherwise  an  arc  is  formed 
and  the  generator  d  loses  its  grip  upon  the  circuit  a  b  c.  ^  If  we 
had  a  uuinher  of  different  coils  witli  condensers  like  a  and  b 
alongside  of  each  other,  and  arranged  in  such  a  way  as  to  be  able 
to  place  them  at  will,  now  the  one  and  now  the  other,  and  now 
again  a  number  of  them  in  multiple  under  the  action  of  the  elec- 
trical bow  which  the  generator  d  keeps  moving  over  the  air-gap 
c  and  at  the  same  time  vary  the  capacities,  we  slM)uld  be  able  to 
change  the  electrical  vibrations  of  our  system  with  that  ease, 
precision  and  grace  which  the  violin  player  displays  when  with 
the  one  hand  he  guides  his  obedient  bow,  while  the  busy  lingers 
of  the  other  hand  glide  over  the  trembling  strings,  eliciting  from 
them  delightful  notes  which  blend  into  pleasing  hjirmonies.  So 
with  our  system  of  properly  tuned  electrical  circuits,  we  could  pro- 
duce harmonies,  but  they  would  be  harmonies  of  silence,  harmo- 
nious oscillations  in  the  ether  that  affect  neither  eye,  nor  ear, 
nor  taste,  nor  smell.  Kut  bring  a  part  of  a  telephone  circuit 
into  inductive  action  of  our  harmonic  system,  and  let  a  skilled 
experimentalist  manipulate  a  properly  constructed  keyboard 
which  controls  the  coils  and  condensers  of  the  various  circuits, 
and  harmonies  which  before  were  as  silent  as  the  gi*ave,  will  now 
agitate  the  responsive  diaphragm  of  the  telephone  and  produce 
music  that  could  be  made  to  re-echo  in  every  telephone  in  the 
TTnited  States. 

But  after  all,  such  an  arrangement  when  used  for  such  a  pur- 
pose, would  be  a  mere  toy  in  comparison  to  the  purpose  for 
which  our  distinguished  colleague,  Hr.  Tesla,  employs  it.  To 
convert  high-potential  but  small  current  electrical  energy  into 
low-potential  big  current  energy,  or  ^'^V  verm^  accompanied  by 
all  possible  variations  in  the  frequency  of  oscillations  was  the 
purpose  for  which  Mr.  Tesla  constructed  the  device.  To  a 
physicist  who  delights,  not  less  than  the  engineer,  in  neat, 
simple  devices  for  the  accomplishment  of  big  and  brilliant 
effects  this  device  of  Tesla  naturally  appeals  more  than  all  his 
other  ingenious  inventions.  Many  a  delightful  hour  have  I  spent 
in  watching  experiments  on  a  circuit  like  the  (me  in  Figure  4.    The 

2.  The  importance  of  blowing  out  the  arc  for  the  production  of  powerful 
oscillations  seems  to  have  been  flrst  recognized  by  H.  Classen,  Wiedemann 
Anna!,  d.  Physikund  chemie,  Band  xixxx,  p.  047*  1890, 
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coil  A  consisted  of  a  short,  stout  copper  wire ;  the  condenBer  b 
consisted  of  a  battery  of  Leyden  jars,  which  my  distinguished 
teacher,  Professor  Rood,  of  (^olumbia  College,  kindly  lent  me. 
The  wires  aa  were  thin  copper  wires  connecting  the  air-gap  c  to 
the  poles  of  an  induction  coil  which  is  now  in  the  hospital.  It 
is  a  delightful  sight  to  see  the  stout  wire  aglow  under  the  power- 
ful agitation  of  the  rapid  oscillations,  whereas  the  thin  wires  oa 
adjoining  them  remained  perfectly  cool.  Twist  now  the  thick  wire 
A  into  a  few  convolutions,  say  ten  or  twelve,  and  surround  them 
by  a  few  hundred  turns  of  tine  wire  and  you  will  have  the  now 
well-known  oscillatorv  transformer  with  which  Mr.  Tesla  and 
Professor  Elihu  Thomson  produced  some  brilliant  effects,  a  trans- 
former that  will  give  you  any  number  of  volts  especiallj'  if,— 
and  now  I  am  going  to  touch  a  point  which  forms  the  central 
point  of  my  discourse, — especially  if  the  thin  wire  coil  contaios 
capacity  in  series  with  it^  so  that  the  natural  period  of  thi^  cir- 
(mit  is  the  same  as  the  period  of  the  thiclcwire  eoil^  that  is  iftJtf 
two  eircvits  are  in  resonance, 

4.  On  Resonance. 

Here  again  1  have  borrowed  a  term  employed  in  music.  But 
a  few  simple  considerations  will  show  you  that  it  is  very  natural 
that  I  should,  for  the  phenomena  of  sound  and  those  of  oscilla- 
tory flow  of  electricity  are  governed  by  nearly  the  same  laws. 
Very  high  frequency  electrical  oscillations  would  in  all  probability 
be  identical  with  light,  as  tirst  announced  by  immortal  Max- 
well. It  is,  therefore,  not  surprising  to  find  that  low  frequency 
electrical  oscillations  should  resemble  so  much  the  other  group 
of  oscillatory  phenomena  which  next  to  light  pleases  our  senses 
best,  namely,  the  phenomena  of  sound,  especially  agreeable 
sound,  that  is  music. 

To  gain  a  clear  coiice]>tion  of  what  is  meant  by  electrical 
resonance  consider  the  following  simple  mechanical  analogon — I 
call  it  the  torson  iaf  pendulmn  : — 1  used  it  often  with  my  students 
in  discussing  alternating  current  phenomena  and  they  liked  it 
very  much.  A  heavy  bar  a  (Fig.  5)  is  suspended  on  a  stiff  elastic 
wire  B,  which  is  attached  to  a  j)late  v  whose  weight  may  be 
neglected.  This  plate  c  slides  in  a  groove  an  which  in  consequence 
of  friction  acts  like  a  brake.  Suppose  now  that  the  friction  be- 
tween c  and  aa  is  such  that  when  the  angular  velocity  of  c  is  a) 
the  rate  at  which  heat  is  generated  by  the  friction  between  c  and 
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aa  is  eqnal  to  cal^  H  where  r  is  independent  of  the  angular  veloc- 
ity. This  torsional  pendulum  resembles  then  very  much  an 
electrical  circuit  having  localized  self-induction,  capacity  and 
ohmic  resistance.  The  moment  of  inertia  of  a,  the  elasticity  of 
B,  and  the  friction  in  c  act  exactly  the  same  as  the  coefficient  of 
self-induction  of  the  coil,  the  capacity  of  the  condenser,  and  the 

ohmic  resistance  of  the  circuit.     Let  -=^  stand  for  the  elastic  ca- 

pacity  of  the  wire,  that  is  if  the  wire  be  twisted  through  an 
angle  ^,  then  the  moment  of  the  elastic  force  which  opposes  this 

twisting  is  -=- .  Let  i  stand  for  the  moment  of  inertia  of  the 
weight  A,  then  as  long  as  the  frictional  resistance  is  within  cer- 


Fio.  5. 


tain  limits  we  shall  have  for  the  natural  period  of  the  pendulum 

r  =  2  ;r  V  Ix  £. 

You  see  that  this  expression  is  exactly  the  same  as  the  one 
which  expresses  the  natural  period  of  the  circuit  in  terms  of  its 
coeflScient  of  self-induction  and  capacity. 

If  this  pendulum  is  set  in  motion  by  a  single  impulse  it  will  oscil- 
late with  a  constant  period.  The  first  elongation  will  be  largest, 
and  the  successive  elongations  will  be  smaller  and  smaller,  just  as 
represented  in  Fig.  2,  until  the  pendulum  is  reduced  to  rest  again. 
This  will  happen  when  the  energy  of  the  impulse  has  been  entirely 
dissipated  into  heat,  which  is  the  work  done  against  frictional  re- 
sistances in  the  break  at  (7.  The  smaller  this  frictional  resistance, 
the  longer  will  the  pendulum  swing  in  consequence  of  the  im- 
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pulse,  before  it  is  reduced  to  rest.  On  the  other  hand  we  can  in- 
crease the  resistance  in  C  to  such  an  extent  as  to  make  the  swing 
a^periodic  or  dead  beat,  as  is  for  instance  the  case  in  the  Weston 
voltmeters  and  ammeters. 

Repeat  the  impulse  at  regular  intervals,  alternating  them,  the 
pendulum  will  keep  on  swinging  ;  but  you  can  easily  see  that  if 
the  intervals  of  the  impulses  are  measured  off  in  such  a  way  that 
every  time  the  pendulum  passes  through  its  position  of  equilib- 
rium, the  impulse  strikes  it,  and  strikes  it  in  the  direction  in  which 
the  pendulum  is  moving,  then  the  amplitude  of  the  swing  will 
be  much  larger  than  if  the  intervals  of  the  impulse  are  not  meair 
ured  off  in  such  a  way.  In  other  words  when  the  period  of  the 
impulses  is  the  same  as  the  natural  period  of  the  pendulum  then 
the  swing  is  largest.  The  imj^ulses  are  said  then  to  he  in  re^m- 
once  with  the  pendulum. 

The  same  effect  will  be  produced  if  for  the  impulses  we  substi- 
tute a  periodically  but  gradually  alternating  force,  say  a  simple 
harmonic  force,  having  the  same  period  as  the  natural  period  of 
the  pendulum. 

Such  a  force  when  acting  ui)on  the  t(»rsional  pendulum  just 
described  will  continually  increase  the  amplitude  of  the  swing, 
until  the  swing  is  so  large  that  the  work  done  during  a  swing 
against  the  friotional  resistances,  is  just  equal  to  the  work  of  the 
moving  force  during  that  time.  From  that  point  on,  the  pen- 
dulum will  swing  with  constant  amplitude.  It  is  evident,  there- 
fore, that  the  larger  f/tr  aviplitifde  of  the  vi&i'^hiy  forre  and  th 
smaller  the  frirthmal  veslHtunee^^the  larger  loHl  hetheajnjdHvdf 
oftJiemciny,  Hut  a  large  amplitude  implies  two  things: — 1st, 
A  large  torHtonal  react! an  in  the  suspension  wire,  and  secondly, 
a  l^rge  velocity  whenever  the  pendulum  ])asses  through  its  jx^si- 
tion  of  e([uilil)rinni. 

The  beaiing  of  this  mechanical  analogou  uj)on  the  electric  cur- 
cuit  having  self-induction  and  capacity  is  very  direct,  a8  I  shall 
presently  point  out.  Let  a  simple  harmonic  e.  m.  f.  E  sm  j)t,  act 
upon  such  a  circuit.  1  sliall  presently  ccmsider  a  complex  har- 
monic K.  M.  p.,  and  also  circuits  ])ossessingFoucault  current  losses, 
and  losses  due  to  magnetic  and  dielectric  hysteresis.  They  will 
form  the  last,  and  in  my  opinion  the  most  important  part  of  my 
discourse.  A  sinjj)le  harmonic  v..  m.  f.  acting  upon  an  elastic* 
electrical  circuit  m  which  the  only  frictional  losses  are  those  due 
to  ohmic  resistance,  will  when  its  period  is  the  same  as  the  natural 
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period  of  the  circuit,  that  is  when  it  is  in  resmmnce  with  the  circuity 
continually  increase  the  amplitude  of  the  electric  displacement, 
that  is  the  amplitude  of  the  condenser  charge  and  therefore  also  of 
the  current,  until  the  work  done  against  the  ohmic  resistance  is 
exactly  equal  to  the  woi'k  of  the  impressed  e.  m.  f.  From  this 
point  on  the  amplitude  of  the  current  will  remain  constant  and 
equal  to  the  amplitude  of  the  impressed  e.  m.  f.  divided  by  the 
ohmic  resistance.  Or,  to  state  it  in  terms  which  are  more  gen- 
erally  employed :  Capacity  and  self-inductioii  neutralize  each 
other  when  the  drcuit  is  in  resonance  with  the  impressed  e.  m.  f. 

It  is  evident  also  that  in  a  resonant  flow,  there  can  be  no  differ- 
ence in  phase  between  the  current  and  the  impressed  e.  m.  f. 
Since  in  this  case  the  current  at  any  moment  depends  on  the  e. 
M.  F.  and  the  resistance,  and  on  nothing  else. 

It  is  clear,  however^  that  if  losses  dvs  to  FmicoAilt  currents^ 
nuignetic  a/nd  dielectric  hysteresis  are  present^  then  the  cv/rrent 
cannot  he  made  equal  to  the  ratio  between  the  e.  m.  f.  and  the 
ohmic  resistance  hy  wny  combination  of  capaeity  and  selfindivc- 
tion^  although  as  a  simple  reflection  will  shorn ^  the  diference  in 
phase  between  the  cu^rrent  and  the  e.  m.  f.  may  he  reduced  to  zero 
in  this  case  also^  in  which  case  we  shovld  hwve  no  false  current^ 
as  it  is  generally  called,  I  shall  presently  discuss  this  point  a 
little  more  fully. 

5.  Rrsonanoe  inCikcuits  wfth  an  Impressed  Compi^x  Harmonic 

Electromotive  Force. 

If  the  impressed  e.  m.  f.  is  a  complex  harmonic,  then  the  cir- 
cuit may  be  brought  into  resonance  with  any  of  the  component 
harmonics.  I  have  an  apparatus  here  which  is  capable  of  pro- 
ducing e.  m.  f.'s  of  almost  any  complexity.  I  call  it  an  elect/ro- 
dynamic  cv/rrent  interruptor^  for  want  of  a  better  name.  It  con- 
sists of  a  phosphor-bronze  wire,  the  vibrator,  «,  J,  e^  (Fig.  6), 
stretched  between  the  poles  of  a  Weston  horseshoe  magnet  d, 
A  short,  thin,  amalgamated  copper  wire  J,  the  dipper,  is  soldered 
on  the  vibrator.  The  vibrator  is  stretched  like  the  wire  of  a 
monochord,  over  two  hard  rubber  bridges  a  (u  and  its  tension  can 
be  varied  by  a  screw  and  lever  f     The  dipper  c  whenever  it 


1.  Professor  Duncan,  of  Johns  Hopkins  University  informed  me  yesterday 
that  he  deduced  the  same  result  in  the  course  of  an  investigation,  a  short 
account  of  which  he  read  before  this  Institute  at  its  General  Meeting  in  Chicago 
in  1892,  '*  Note  on  some  Experiments  with  Alternating  Currents."  Tkanbac- 
TI01V8,  Tol.  iz,  p.  179. 
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dips  into  the  mercury  cup  closes  an  electrical  circuit  F f  el 
c  g  A.  and  the  vibrator  is  then  repelled  upward  by  the  force  of 
repulsion  between  the  magnet  and  the  current  flowing  through 
the  vibrator.  One  gravity  celiy*is  sufficient  to  work  this  apparatus. 
It  is  evident  that  the  fundamental  period  of  the  interrupted  cur- 
rent will  be  equal  to  the  period  of  the  vibrator.  To  change  this 
period,  say  to  make  it  equal  to  the  period  of  this  tuning  fork, 
which  is  256  complete  vibrations  per  second,  I  simply  strike  the 
tuning  fork,  hold  it  then  near  my  ear  and  by  turning  the  screw 
f  of  the  stretching  lever  I  vary  the  tension  of  the  vibrator  until 
the  rate  of  the  vibrator  and  that  of  the  tuning  fork  are  in  per- 
fect unison,  which  can  be  easily  recognized  by  watching  the 
beats.     This  whole  process  of  tuning  takes  up,  as  you  see,  only 


a  few  seconds.  In  series  with  the  cell  f  and  the  vibrator,  we 
have  a  small  coil  A,  containing  a  well  ])acked  bundle  of  verv 
thin  iron  wire,  and  in  shunt  with  a  is  a  condenser  d.  This  con- 
denser performs  the  function  of  bringing  this  primary  circuit 
into  partial  resonance  with  the  vibrator  which  is  recognized  by 
the  circumstance  that  at  the  moment  of  resonance  the  spark  at 
the  dipper  is  a  minimum. 

A  simple  reflection  will  show  you  that  the  current  generated 
by  this  interrupter  is  a  complex  harmonic.  To  analyze  it  into  its 
component  harmonics  I  shall  adopt  the  method  employed  in 
acoustics. 

A  complex  sound  is  analyzed  by  the  well-known  resonators  of 
Helmboltz.     These  resonators  axe  qotvs^twcA.^^  vw  such  a  way  that 
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they  will  respond  to  one  vibration  only,  and  also  in  a  measure  to 
its  upper  harmonics.  To  any  other  vibration  they  are  practically 
mute.  By  a  number  of  such  resonators  we  can  find  out,  in  the 
manner  first  pointed  out  by  Helmholtz,  all  the  vibrations  which 
are  contained  in  a  complex  sound. 

The  secondary  circuit  bote,  given  in  the  diagram  of  Fig.  6, 
performs  the  function  of  such  a  resonator,  it  is  in  fact  an  adjust- 
able electrical  resonator;  c  is  a  small  auxiliary  coil  which  you  see 
here ;  e  is  a  Marshall  condenser,  and  t  is  a  telephone  whose  note 
tells  me  to  which  of  the  component  harmonics  the  electrical 
resonator  responds.  The  telephone  is  silent  now,  at  any  rate  as 
far  as  you  can  tell,  because  the  condenser  plugs  are  all  out. 
Now,  with  this  plug,  I  insert  a  small  capacity.  The  note  which 
you  hear  is  evidently  much  higher  than  even  the  octave  of  the 
vibrator.  The  electrical  flow  in  the  resonating  circuit  is  approx- 
imately the  same  as  if  we  had  in  it  a  simple  harmonic  e.  m.  f.  of 
the  same  frequency  as  this  note.  I  insert  another  plug,  so  as  to 
increase  the  capacity.  The  note  which  you  now  hear  is  deeper. 
The  difference  between  the  two  notes  is  rendered  very  striking 
by  making  and  breaking  the  contact  of  the  second  plug  in  rapid 
successions,  as  I  do  now.  The  sound  of  the  two  notes,  succeed- 
ing each  other  at  regular  intervals,  resembles  very  much  the 
sound  of  bagpipes.  I  insert  another  plug,  so  as  to  increase  the 
capacity  still  more.  The  note  which  you  now  hear  is  still  deeper. 
It  is  the  note  of  the  fundamental  electrical  vibration,  which  is* 
the  same  as  the  vibration  of  the  vibrator.  I  know  that,  because, 
as  I  continue  inserting  more  and  more  plugs,  you  do  not  perceive 
any  further  change  in  the  sound.  The  capacities  which  I  intro- 
duced by  the  three  plugs  are  to  each  other  very  nearly  in  the 
ratio  of  1  :  9  :  25,  hence  the  frequencies  of  the  three  harmonics 
contained  in  the  impressed  e.  m.  f.  and  which  I  have  detected  by 
the  resonating  secondary  circuit  are  to  each  other  in  the  ratio  of 
1:3:5. 

The  impressed  e.  m.  f.  can  therefore  be  written 

E  ^=-  Ex  sin  pt  -\-  E^%vDL  Z  pt  -\-  E^  sin  5  pU 

Still  higher  harmonics  are  present,  but  they  are  too  weak  to  be 
heard  all  over  this  room. 

I  shall  presently  discuss  a  method  by  means  of  which  we  not 
only  detect  the  presence  of  these  harmonics,  as  I  have  just  done 
by  means  of  this  telephone,  but  also   determine   the   relative 
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strength  of  each.  The  method  imitates  in  a  certain  measure 
Prof.  Langley's  bolometric  method  of  determining  the  distriba- 
tion  of  energy  in  the  spectrum  of  a  given  complex  luminoua 
ribration. 

Before  making  the  next  step  in  mj  discourse  I  wish  to  call 
your  attention  to  an  application  of  resonant  circuits  (in  connec- 
tion with  the  electro-dynamic  interrupter)  to  a  method  of 
producingsimple  harmonic  currents  of  constant  and  easily  deter- 
minable frequency.^  I  simply  tune  the  vibrator  by  means  of  a 
standard  tuning  fork,  and  then  weed  out  the  upper  harmonics  by 
successive  transformations.  In  this  connection  I  ought  to  men- 
tion that  Professor  Duncan  of  Johns  Hopkins  University 
informed  me  several  weeks  ago  that  he  was  also  weeding  out  har- 
monics. I  now  remember  that  I  got  the  expression  "  weeding 
out "  from  him,  but  I  have  used  it  in  my  papers  on  "  Low  Fre- 
quency Resonance  "  without  giving  him  credit  for  this  beauti- 
fully selected  expression. 

6.     On  the  Resonant  Rise  of  Potential. 

The  question  arises  now,  how  are  we  to  tell  experimentally 
whether  a  circuit  is  in  resonance  to  an  impressed  e.  m.  f.  or  not! 
Several  methods  suggested  themselves  to  my  mind  in  the  course 
of  my  work.  I  selected  the  one  which  appeared  to  me  to  be  the 
most  sensitive  atid  most  interesting.  It  also  suggests  a  new  way 
of  transfonaing  electrical  energy  which  sorfie  day  may  perhaps 
he  of  some  practical  importance  I  wish  to  discuss  this  method 
now,  but  o!ily  very  briefly. 

As  I  observed  before  in  the  discussion  of  the  motion  of  the 
torsional  pendulum,  represented  in  Fig.  5,  when  the  moving  force 
and  the  pendulum  are  in  resonance  then  both  the  amplitude  of 
oscillation  and  the  amplitude  of  the  velocity  reach  their  maxi- 
mum value.  And  so  it  is  also  with  a  circuit  possessing  self-in- 
duction and  capacity.  By  varying  gradually  the  one  or  the  other, 
the  current  (which  corresponds  to  the  velocity  of  the  pendulum) 
will  continually  increase.  But  the  diflEerence  of  potential  in  the 
condenser  (which  corresponds  to  the  elastic  reaction  of  the  sus- 
pension wire)  will  also  increase  continually.  When  the  point 
of  resonance  has  been  reached  then  evidently  both  the  current 
and  the  difiEerence  of  potential  in  the  condenser  have  reached 

1.  Pupin,  '*  Electrical  Oscillations  of  Low  Frequency  and  their  Resonance," 
American  Journal  of  Science,  April,  1898. 
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their  tnaximnin  values.  This  maximum  difference  of  potential 
in  the  condenser  can  be  many  times  greater  than  the  impressed 
E.  M.  p.,  because  just  as  in  the  case  of  the  torsional  pendulum  the 
elastic  reaction  of  the  suspension  wire  is  an  accumulative  effect 
of  the  moving  force,  so  in  the  electrical  circuit,  the  potential  dif- 
ference in  the  condenser  is  an  accumulative  effect  of  tlie  im- 
pressed E.  M.  F.  Now  since  a  resonant  electrical  flow,  which  we 
have  just  considered,  consists  simply  of  a  transformation  of  elec- 
trokinetic  into  electrostatic  energy,  atid  vice  iurna^  during  each  half 
period  accompanied  by  a  f  rictional  loss  due  to  ohmic  resistance,  it 
is  evidentthat  the  amplitudes  of  these  two  kinds  of  energies  must 
he  equal  to  each  other,  that  is,  we  shall  have  in  the  usual  notation 

But  since  owing  to  resonance  we  have  /r^  Z  6'  =  1 ,  the  preced- 
ing relation  reduces  to 

/»  =  ;/^Z2^-'    or     P=i>L^}'> 

It  is  evident,  therefore,  that  with  a  little  more  than  ordinary 
frequency,  say  350  periods  per  second,  and  an  inertia  coil  of  con- 
siderable self-induction  and  small  resistance  high  potentials  can 
be  obtained  in  the  condenser  by  bringing  the  circuit  in  resonance 
with  the  impressed  e.  m.  f..  Gonn^diag^  therefore^  the  ron^ 
denser  tt)  a  voltvieter  we  can  tell  mry  o<urkinit<ily  when  in  the 
raunte  of  our  tuning  of  the  rirruit  we  hare  reaehed  th^  jxyint  of 
resonance^  hecaitm,,  an  I  nhal I  presently  fihow  you^  the  roltrnje  goen 
up  very  rctpidfy  when  th'  r<ynrl4'nMer  capacity  or  the  self -1  nductimi 
are  near  the poi/at  of  reaonanrt',  ft  i/<  thin  electronceiric  methini 
which  I hm)e  employed  in  m.y  inre«ti<fationt< on  ^' Low  Frequ4>n-t*.y 
Resonance  P"^ 

The  same  method  can  be,  and  has  been  employed  by  several  in- 
vestigators in  the  study  of  Herzian  oscillations. 

To  show  you  how  strong  this  resonant  rise  of  potential  can  be  I 
have  within  the  last  few  days  wound  these  two  inertia  coils  (see 
coil  a'  V  in  Fig.  8j  and  borrowed  this  most  excellent  mica  conden- 
ser from  our  well-known  electrician,  Mr.  Wm.  Marshall,  for  which 
kindness  I  feel  very  grateful  to  him.     The  impressed  e.  m.  f.  is  ob- 


1.  This  relation  was  first  obtained,  I  believe,  by  Prof.  Oliver  Lodji^e.    (See 
a  letter  by  Prof.  O.  Lodge,  London  BUcirieian,  April  24th,  1891.) 

2.  Amerimn  Journal  of  8ci>mu\  April,  May  and  June,  1898. 
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tained  in  the  folIowiDg  way :  A.  smalt  IS-pole  alternator  nmniDg 
at  about  3SO0  revolntionB  per  mioate  and  generating  an  b.  u.  r. 
of  about  600  volts  feedB  the  primary  of  thiSBmall  transformer (e  li, 
Fig.  8.)  Diagram  Fig.  7  gives  tbeformof  armatnreAand  tieldsof 


Pio.  7. 


tbe  machine.  Coileai  or^e  show  bow  the  machine  is  wound.  Th^ 
transformer  consiets  of  a  bard  rubber  spool  wound  witli  abonC 
3,000  turiiB  (Fig.  8)  of  No.  20  a.  w.  o.  wire  for  the  primary— 
Tbe  Bccondary  h  k  consists  of  about  500  turns  of  Mo.  16  wire_ 
A  well  packed  bundle  e  of  very  iiue  iron  wire  is  the  irou  core_ 


n  ^  I.  '  ^  ^ 


JjL 


ThiB  transformer  is  indicated  by  o  in  Fig.  7.  In  series  with  tbe 
secondary  we  have  inertia  coile  i>  and  the  above  mentioned  mica 
condenser  e  of  0.2  m,  f.  cftpacity.  The  inertia  coilsconsist  of  bard 
rubber  spools  like  a'  h'  Fig.  8  wound   with  No.  14  wire.     Tha 
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total  self-indnction  of  thesecoDdary  circuit  is  about  1  henry,  wiihr 
<mt  iron  in  the  inertia  coils.  The  poles  of  the  coodenser  e  are  cod- 
nected  to  a  Sir  William  Thomson  electrostatic  voltmeter  f  and 
also  to  a  vacuum  tube  o  with  condenser  electrodes,  that  is  to  sav 
tinfoil  coatings  on  the  outside  of  the  tube.  (Indicated  by  the 
shaded  part  in  the  diagram.)  I  now  start  the  machine  and  by 
weakening  the  field  of  the  driving  motor,  I  gradually  increase 
the  speed  of  the  machine.  As  you  see  the  voltmeter  needle  is 
steadily  advancing  with  the  speed.  To  get  the  greatest  deflection 
of  the  needle  I  ought  to  have  about  350  periods  per  second.  Now 
I  sliall  advance  to  very  near  this  speed.  The  voltmeter  indicates 
now  2,000  volts.  The  impressed  e.  m.  f.  in  this  secondary  reso- 
nating circuit  is  only  about  100  volts.  Instead  of  increasing  the 
speed  so  as  to  reach  the  point  of  perfect  resonance  I  prefer  to 
leave  the  speed  constant,  and  by  gradually  inserting  these  five 
iron  wires  to  increase  the  co-efRcient  of  self-induction  until  that 
value  is  reached  which  with  the  given  speed  and  capacity  brings 
the  circuit  in  resonance  with  the  impressed  e.  m.  f.  I  am  doing 
this  now  and  watching  the  voltmeter  needle  at  the  same  time. 
Now  the  voltmeter  indicates  3,000  volts,  which  is  30  times  the 
value  of  the  original  e.  m.  f.  This  is  the  point  of  resonance,  be- 
cause if  I  push  the  iron  wire  lower,  the  needle  goes  back.  The 
point  of  resonance  is  very  sharply  defined,  because  the  slightest 
motion  of  the  iron  wire  one  way  or  the  other  makes  quite  consid- 
erable diflEerence  in  the  reading  of  the  voltmeter.  The  point  of 
resonance  can  be  shown  to  a  large  audience  like  tJais  much  more 
easily  by  connecting  the  poles  of  the  condenser  to  the  tinfoil 
electrodes  of  the  vacuum  tube  o.  A  discharge  starts  in  this  tube  at 
about  2,000  volts.  Now  as  I  insert  these  iron  wires  into  the  inertia 
coil  you  see  the  intensity  of  the  discharge  increases.  [The  room 
was  darkened.]  The  point  of  maximum  resonance  is  clearly 
marked  by  the  intensity  of  the  discharge,  as  you  see.  Now  I  insert 
the  iron  wire  too  far ;  as  you  see  the  discharge  is  stopped.  I  can 
start  it  again  by  raising  the  iron  and  stop  it  again  by  taking  the 
iron  wire  entirely  out,  as  you  see. 

By  working  with  high  frequencies  and  small  ohmic  resistance 
any  voltage  within  practical  limits  can  be  obtained.  Ohmic  re- 
sistance, however,  is  not  the  only  thing  which  limits  the  resonant 
rise  of  potential.  Dielectric  hysteresis  and  the  peculiar  behavior 
of  iron  when  under  the  inductive  action  of  a  rapidly  alternating 
current^  modify  this  rise  very  much.     The  other  day  I  employed 
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thiB  home-made  condenser  in  parallel  with  that  Marshall  mict 
condenser.  I  obtained  only  2,000  volts  rise,  whereas  preliminary 
calculation  led  me  to  expect  at  least  4,000  volts.  BtU  iJie  rnndl 
of  melting  waa*  rertvinded  meforGibly  of  the  co/use  of  this  discre- 
pancy. The  home-rndde  condenser  got  so  hot  in  ahovt  two  mi/n- 
utes  that  all  the  wax  (which  when  boiling  hot  was  compressed 
between  its  mica  plates  to  drive  out  the  air  and  moisture)  between 
its  plates  was  tneUed.  The  energy  which  was  thus  used  up  in 
overcoming  the  dielectric  hysteresis  of  the  wax  had  prevented  the 
resonant  rise  from  reaching  that  value  which  it  ous^ht  to  have  reach- 
ed according  to  calculation.  Taking  this  condenser  out  and  using 
the  mica  condenser  alone  the  rise  went  right  up  to  a  point  consider- 
ably above  3,000  v.  Paraffin  and  glass  behave  in  a  similar  way 
So  that  owing  f^o  dielectric  hysteresis  alane  the  resonant 
current  (which  takes  place  when  capacity  and  self-induction 
neutralize  each  other)  is  never  equal  to  tJte  electromotive  force 
dimided  hy  the  ohndc  resistance^  and  it  can  he  very  trvtich  less. 
The  presence  of  iro7h  is  incomparably  m^yre  powerful  in  destroy- 
ing the  resona/nt  rise  of  current  a/nd  potential^  as  will  be  seen 
presently.  This  is  very  unfortunate  in  view  of  the  brilliant 
expectations  which  not  a  few  electricians  hoped  to  realize  from  the 
employment  of  condensers  in  the  running  of  alternating  current 
machinery. 

It  is  well  to  observe  here  that  if  we  substitute  a  Weston  volt- 
meter for  the  Thomson  Electrostatic  Voltmeter  f  Fig.  7,  then  we 
shall  have  practically  the  condenser  in  parallel  with  the  inertia 
coils.  It  is  easy  to  see  from  purely  theoretical  considerations 
that  the  resonant  rise  will  be  less  in  this  case.  Experiments 
show  that  the  rise  can  be  then  very  much  less  if  the  resistance  of 
the  voltmeter  circuit  is  reduced.  The  heari7iy  of  this  observation 
on.  the  s<hCitlled  Ferranti  effect  with  and  without  a  load  in  th 
tnains  needsj  I  venture  to  suggest^  no  further  discussion. 

7.     Effect  of  Iron  on  the  Resonant  Rise  of  Potential. 

1  have  already  remarked  that  iron  behaves  in  a  peculiar  manner 
when  under  the  inductive  action  of  a  resonant  flow  of  electricity. 
Allow  me  to  call  your  attention  to  the  diagram  of  Fig.  9.  This 
curve  was  obtained  with  the  machine  and  the  circuits  which  are 
given  in  Fig.  7.  Except  that  the  inertia  coil  d  had  smaller  self- 
induction.  Keeping  the  speed  of  the  machine  and  the  self- 
induction  of  the  circuits  cotistant,  the  difference  of  potential  in 
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the  coDdenser  wu  varied  by  varying  gradually  the  capacily  of 
the  Gondeaeer.  Takiog  then  the  capacities  for  abeciasse  and  the 
cotTesponding  voltmeter  readinge  for  ordinates,  the  carve  in  Fig. 
9  was  obtained.  Ab  you  see  the  curve  hae  two  maxima.  The 
corresponding  capacities  are  to  each  other  aa  1 : 9.      Hence  the 
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impresaed  e.  h.  f.  can  be  repreBented  by 

E=  Ey  einpt  -f-  E^  sin  Z pt. 

A  comparison  of  the  smaller  nmximum  to  the  larger  shows  that 

Et,  the  amplitude  of  the  upper  harmonic,  is  very  small  in  com- 

pariaoD  to  E^,  the  amplitude  of  the  fundamental.     This  is  sur- 
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prising,  because  from  the  conetruction  of  the  alternator  ooe 
would  expect  a  much  stronger  deviation  of  the  impressed  k.  m.  f. 
curre  from  the  simple  harmonic. 

A  similar  harmonic  analysiaoi  the  impressed  b.  h.  f.  obtumd 
by  means  of  the  electrod;namic  intermptor  gave  carves  1,11 
and  III  Fig.  10.  Curve  I  was  obtained  by  insertiDg  a  certaiu 
capacity  in  sliiint  with  the  primary  coil,  and  then  varying  the 
capacity  in  the  secondary  and  recording  l^e  corresponding  Tol^ 
meter  reading.  Capacity  was  measured  oS  as  abscissa  and  the 
corresponding  voltmeter  reading  as  ordinate.  Curves  II  and  III 
were  obtained  in  the  same  way  bat  with  different  capacities  in 
the  primary  circuit.  The  impressed  e.  h.  k.  in  each  case  can  be 
represented  by  the  following  complex  harmonic : 

E=  Eipf  -\-  EiAn  Zpt-\-  Ei  sm^pt. 

But  the  amplitudes,  Ei,  E^  and  E^  are  different  in  each  ok. 


Fio.  10. 
Vou  see.  therefore,  that  this  method  of  harmonic  analysis  by  the 
i-esonuiit  rise  of  potential  itt  very  tiensitive  in  detecting  upper 
harmonics.  Hen<re  the  natural  conelufiion  that  curve  Fig,  9  in- 
dicates no  titruugly  developed  liarniunice,  simply  because  thev 
were  not  present.  Yet  it  is  very  difficult  to  suppose  that  ni; 
alternator  generates  practically  a  simple  harmonic  u.  h.  p.  when 
one  considers  the  shape  of  its  armature  core,'  This  point  evidently 
deserved  additional  investigation. 

I  inserted  a  few  iron  wires  into  the  inertia  coil  D,  Fig.  7,  and 
found  that  the  upper  harmonic,  weak  as  it  was,  disappeared 
entirely-  The  iron  wires  became  hot  in  a  very  short  time.  I 
suspected  that  iron  when  subjected  to  strong  magnetization  wipes 
out  the  upper  harmonica  in  a  resonant  circuit.  With  the  electro- 
dynamic  iutcrruptor  the  magnetization  of  the  iron  cores  is  very 
weak,  hence  the  persistcuce  of  upper  tiannonics.  This  suspicion 
was  verified  in  subsequent  experiments. 

].  The  armature  con  wu  a  Crocker- Wheeler  tooth  umatuie. 
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When  the  inertia  coil  d  wae  packed  witli  inm  wire  then  the 
resonant  rise  waa  verj"  much  diminislied  ah  is  evident  from  the 
curve  in  diagram  Fig.  11. 

Various  coiieiderations  led  nie  to  ttie  eonclnaion  that  Foncault 
cnrrent  and  livsteresis  losaefi  were  not  the  only  causes  of  this  re- 
markable diiniimtion  of  the  resonant  rise  due  to  the  presence  of 
iron,  I  will  mention  one  only.  In  one  of  my  experiments  I 
nsed  the  primary  coil  of  a  small  eloxed  magnet  n'rcuit  fran*- 
^fot~mer  for  the  inertia  coil  and  fonnd  that  as  far  an  I  conid  detect 
with  my  apparatus  no  resonatit  n'se  could  be  obtained  with  100 
volts  of  impressed  k.  m.  f.,  no  matter  how  low  the  frequency  was 
which  my  machine  could  produce.  About  75  periods  per  second 
was  the  lowest  frequency  which  T  employed.     If,  however,  the 
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secondary  coil  of  this  transformer  waa  short-circuited  then  the 
resonant  rise  appeared,  bnt  nor  nearly  as  strong  as  it  ought  to 
hare  been,  even  Foncault  currents  and  hysteresis  tosses  taken 
into  acconnt.  The  eelf-indnction  of  the  primiiry  (with  secondary 
uliort-circuited)  calculated  fnmi  the  capacity  wliich  produced  res- 
onance waa  far  too  high.  Thfre  leerr  uiimiKtnknhl^  evidences  in 
f,hi-8,attd  in  aU  my  ot/tT  •■■ei>ff^i  iiun'tn  in  whii-h  inmvKM  />resent  in 
t/u<  inertia  f<oilf,  tkut  tlf  f^noer  ffw  fretfui-netj  the  Ktfon^tr  were  the 
i-ewwince  ^ectn. 

When  an  alternator  giving  125  periods  per  second  was 
substitnted  for  the  alternator  in  Figure  7,  (which  gave  about  350 
to  375  periods  per  second,)  then  the  resonant  rise  with  iron  wire 
core  in  the  inertia  coil  u  was  one-half  of  that  when  iio  core  waa 
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need,  the  impressed  e.  m.  f.  being  45  volts.  If,  however,  the  im- 
pressed B.  u.  F.  was  raised,  then  this  difference  in  the  two  ctses 
continually  diminished.  When  the  impregeed  e.  h.  f.  was  200 
volts,  then  the  resonant  rise  with  iron  was  more  than  withoat  it. 
There  seeins  to  be  in  the  iron  a  certain  reluctance  against  get- 
ting into  full  swing  when  under  the  inductive  action  of  a  reeoDint 
current.  The  higher  the  impressed  e.  k.  f.  and  the  lower  the 
frequency  the  easier  it  is  to  overcome  this  relnctance.  Whm 
the  iron  hoe  once  heen  set  into  full  mcing,  th^n  it  is  j>os»ibfe  b^ 
<:arnfnl  manipuiatioii  to  lower  the  impreMe^.  e.  m.  f.  and  incrfi"^ 
tbi' frequency  without  getting  the  iron  out  cf  this  moing.  In  n 
itlmed  magnetic  ciriniit  this   reluctance  seems   to  he  exceediiu/lg 

fflYOt. 

With  a  freqaeucy  of  50  periods  per  second  the  resonant  rite 


witliiron  was  invHriably  more  than  without  it.  Two  features  i'l 
the  peculiar  behavior  of  iron  were  brought  out  by  the  reai.i- 
nance  experiments  with  this  low  frequency  machine.  These 
two  features,  I  venture  to  suggest,  deserve  more  than  ordinary 
attention. 

Thejimt  peculiar  feiitit re  ie  exhibited  in  the  two  curves  Figure 
12  Curve  II  was  obtained  when  tlie  whole  iron  wire  core  (about 
.500  wires  each  40  cm.  long  and  I  mm.  in  diiimeter)  was  inserted 
into  the  inertia  coil.  The  other  curve  was  obtained  when  only 
oiie-hidf  of  the  core  was  employed.  The  frequency  ma^  main- 
tained constant.  From  the  critical  capacity  in  the  two  cases  it  is 
evident  that  thei-e  wai^  much  lesii  difFercnce  in  the  coefficient  of 
self-induction   in   tlie  two  cases  than  one  miglit  expect  from  the 
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difference  in  the  quantities  of  iron,  that  is,  if  we  suppose  that  in 
this  ease  also  the  natural  period  of  the  circuit  is  independent  of 
the  f rictional  resistances  due  to  magnetic  hysteresis.  But  even 
if  we  drop  this  hypothesis,  still  the  small  difference  in  the  ca- 
pacity in  the  two  cases  appears  as  puzzling  as  ever.  We  have 
resonance  in  this  case  also  as  in  any  other  case,  but  it  is  evident 
that  the  conditions  of  resonance  are  not  determined  by  self-in- 
duction and  capacity  alone.  The  question  arises  then,  what  does 
resonance  mean  in  this  case  ?  Well,  it  means  the  largest  current 
and  the  highest  rise  of  potential,  but  this  maximum  potential  and 
current  are  not  necessarily  accompanied  by  zero  difference  in 
phase  nor  by  neutralization  of  self-induction  with  capacity.^  The 
practical  bearing  of  this  result  needs  no  further  comment.^ 

There  is  another  point  to  which  I  wish  to  call  your  attention 
in  connection  with  curves  I  and  II  of  Fig.  12.  It  is  this :  Al- 
though curve  II  was  obtained  with  twice  the  quantity  of  iron  and 
therefore,  with  at  least  twice  the  losses  due  to  Foucault  currents 
and  hysteresis,  [since  the  magnetizing  current  which  circulated  in 
the  inertia  coil  with  resonance  corresponding  to  curve  II  was  con- 
siderably larger  than  that  corresponding  to  resonance  of  curve 
I,]  yet  the  rise  of  potential  in  curve  II  was  larger  than  that  in 
curve  I.  I  do  not  wish  to  take  up  too  much  of  your  time  in 
showing  you  all  of  the  difficulties  which  one  encounters  in  endeav- 
oring to  explain  these  matters  satisfactorily.  Suffice  it  to  point 
out  merely  that  these  difficulties  do  exist  and  that  they  deserve 
our  most  careful  attention. 

Before  making  the  next  step  in  my  discourse  I  wish  to  remark 
that  a  circuit  consisting  of  the  armature  of  an  alternator,  a  large 
inertia  <x/if  without  iron  and  a  condenser,  all  in  series,  does  not 
exhibit  any  of  the  peculiar itiett  just  mentioned^  at  any  rate  not  to 
any  eoyisiderahh  extent.  Such  a  circuit  cayi  he  tuned  and  a  high 
resonant  rise  of  potential  can  he  thus  produced^  provided^  of 
rmirse^  that  this  rise  of  potential  ix  not  OA^conipanied  hy  so  heavy 
a  current  as  to  produce  a  serious  armature  reaction,  jFoucaidt 
current  and  hystersis  losses  in  the  armature  iron  cannot^  of 
course^  influence  this  resonance^  si?we  they  are  taken  ca/re  of  hy 
the  motor  which  rotates  the  armature. 


1.  Profcwjor  Duocan  informed  mo  yestenlay  that  he  arrived  at  this  conclusioB 
in  a  somewhat  different  way.     See  paper  already  referred  to. 

2.  Especially  when  Dr.  Dimcan'M  more  definite  conclusions  on  thi»  point  are 
taken  into  account. 
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TTis  second  peculiar  feature  in  the  behavior  of  iron  when  it  is 
under  the  inductive  action  of  the  resonant  current  of  an 
inertia  coil  will  be  exhibited  to  yon  in  the  following  experiment: 
The  arrangement  is  just  the  same  as  that  given  in  the  diagram  of 
Figure  7,  with  the  following  exceptions:  This  alternating  cur- 
rent ammeter  is  in  the  resonant  circuit.  The  motion  of  its  index, 
which  I  hope  can  be  seen  all  over  the  room,  will  indicate  to  yon 
the  progress  of  tuning.  I  watch  it  on  this  side  by  means  of  a  multi- 
cellular voltmeter  which  is  denoted  l>y  f  in  the  diagram  of  Fig- 
ure 7.  This  four-pole  1  n.  p.  alternator  which  Dr.  Laudy,  of 
Columbia  College,  kindly  lent  me,  takes  the  place  of  the  16-pole 
alternator.  Inertia  coil,  alternator  and  condenser  are  all  in  sericB. 
The  driving  motor  can  easily  take  care  of  2  h.  p.,  so  that  the 
speed  will  remain  constant  during  all  variations  of  the  load  since 
as  you  will  presently  see  the  load  will  never  be  over  150  watts. 
The  condenser  has  now  16  m.  f.  capacity  plugged  in.  The  fre- 
quency is  about  50  periods  per  second.  The  impressed  e.  m.  f. 
is  45  volts.  To  bring  the  circuit  in  resonance  with  the  impressed 
E.  M.  F.  it  is  necessary  to  insert  iron  wires  into  the  inertia  coil 
I  insert  now  about  400  wires.  It  is,  as  I  can  see  from  the  volt- 
meter reading,  considerably  too  much  and,  therefore,  there  is  no 
resonance  as  you  can  see  from  tlie  ammeter.  I  take  the  iron  wire 
bundle  and  raise  it  slowly,  and  now  I  can  feel  by  the  pull  on  the 
bundle  and  also  by  the  voltmeter  reading  that  I  have  reached  the 
point  of  resonance.  You  can  see  it  by  the  ammeter  deflection. 
The  ammeter  indicates  1  ampere ;  in  reality  it  is  about  2  amperes. 
[This  instrument  is  a  lecture  room  model  and  its  reading  must  be 
multiplied  by  a  large  correction  factor.]  Now  I  lower  slowly 
the  iron  wire  bundle  again ;  the  resonance  persists.  I  have 
reached  now  the  same  position  from  which  I  started  and  when 
there  was  hardly  any  resonance  effect.  But  as  you  see  this  time 
the  resonance  effect  is  very  strong.  But  it  in  a  resonance  ichich 
resemhles  very  7nuch  a  svj>eri<afftratr(f  zinc  sulphate  solution.  A 
very  small  crystal  throuni  Into  such  ft  .snhttion  will  cause  a  sud- 
den precipitation  of  vnnumeruhle  smftll  rrystals.  So  it  i^  irith 
this  rcsonaiire.  If  I  nouj  hriinj  a  single  iron  fcire  near  the 
huiiillt's  its  me/e  appntarli  upsets  the  resoti  an  re  al  most  completely^ 
as  you  spefrom  the  Muchh  n  drop  if  the  a nuneter  needle.  But  if 
I  add  this  u^ire  whose  mere  approach  upsets  the  resonance  almost 
co^npletely  and  ev^n  fee  other  wins  to  the  bundle  and  then  by 
gently  raising  it  start  the  nsiHurntflirw  I  can  then  lower  ita^gain 
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without  disturbing  resonance,  as  you  see  it  from  the  deflection  of 
the  needle. 

I  shall  vary  now  the  capacity  by  taking  out  carefnlly  one  plug 
after  the  other.  But  I  must  take  out  these  plugs  without  causing 
a  spark.  Here  is  one  plug  out,  and  here  another  and  four  more. 
I  have  reduced  the  capacity  by  1  m.  f.  or  nearly  7  per  cent,  of 
the  total  capacity.  There  is  hardly  any  change  in  the  resonance 
effect,  as  you  see  from  the  ammeter  needle.  Now  I  shall  care- 
fully put  back  the  plugs  and  even  more  than  I  have  taken  out, 
but  carefully  avoid  sparking.  As  you  see,  resonance  still  persists 
without  any  apparent  change.  Now  1  take  out  one  plug  a/nd 
vary  the  capacity  hy  only  0.1  m.  f.,  but  I  take  it  out  in  such 
a  way  as  to  produce  a  strong  spark  by  the  removal  of  the  plug. 
The  experim^ent'does  not  succeed.  But  here  it  succeeds  at  the 
rem^/val  of  a  0.3.  m.  f.  plu^.  The  collapse  of  the  resonance  effect 
is  as  you  see  almost  complete.  Generally  I  succeed  with  even 
less  than  a  0.1  m.  Y.plug. 

The  same  pecularities  appear  also  at  higher  frequ^encies^  but 
they  are  not  nearly  as  clearly  defined  at  frequencies  over  100 
as  they  are  at  those  of  less  than  50  periods  per  second.  They 
are  certainly  not  due  to  any  change  in  the  speed  of  the  Tnuchine^ 
produced  by  the  variation  of  the  load  due  to  the  rise  of  the  reso- 
nant current  Nor  is  it  probable  that  they  are  due  to  armature 
reactions.  This  last  point,  however,  deserves  a  closer  examination 
than  I  have  been  able  to  give  it  as  yet. 

One  more  point  I  feel  that  I  ought  to  mention  before  I  end 
my  discourse.  It  is  a  point  which  I  think  may  have  some  prac- 
tical importance  sooner  or  later.  When  a  large  inertia  coil  with- 
out iron  is  joined  in  series  with  the  armature  of  an  alternator 
and  also  icith  a  condenser  and  then  tJve  circidt  is  tuned,  so  as  to 
analyze  harmonically  the  shape  of  the  im,pr€ssed  e.  m.  f.  curve, 
I  find  in  aU  the  machines  that  I  have  tried  so  far  that  this  curve 
i*f  almost  perfectly  free  fro7a  upper  hat^monics,  even  with  f re- 
queneie<  of^O  periods  per  second.  If  however,  the  arm^iture  is 
rhsed  by  the  primary  of  a  transformer  then  upper  harmonics  will 
appear^  an  for  instance^  lyi  the  arrangement  in  Figure  7.  I  do 
not  think  that  these  upper  harmonics  are  entirely  due  to  the 
variation  of  the  permeability  of  the  transformer  core  during  each 
complete  cycle,  as  has  been  suggested  by  very  competent  authority.^ 

1.  See  Professor  Duncan's  paper  already  cited;  also  H.  A.  Rowland: — * 'Notes 
uu  the  Theory  of  the  Transformer;"  Phil.  Mag.,  July,  1891J. 
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A  different  interpretation  of  the  phenomenon  is  possible.  My  ex- 
perience in  this  matter  favors  the  view  that  the  upper  harmonies  are 
due  to  the  interference  between  the  electromotive  forces  generated 
in  the  alternator  and  the  transformer.  I  prefer,  however,  to  devote 
more  time  to  the  examination  of  this  exceedingly  important 
subject  before  venturing  to  discuss  the  validity  of  this  possible 
new  interpretation. 

Allow  me  now  to  sum  up  briefly  the  main  points  of  this  dis- 
course. 

The  practical  bearing  of  *'  Low  Frequency  Electrical  Eeson- 
ance  "  in  so  far  as  I  have  worked  out  the  subject  seems  to  rest 
on  the  following  characteristic  features  : 

It  brings  out  very  prominently  the  purely  mechanical  charac- 
ter of  the  phenomena  of  electricity,  and  it  does  thatnotby  referring 
to  carefully  prepared  delicate  experiments  of  a  skilled  physicist, 
but  by  referring  to  phenomena  which  every  electrical  engineer 
can  observe  every  day  in  the  testing  room,  telegraph  and  tele- 
phone stations,  and  in  central  stations  for  power  and  lighting. 
A  full  appreciation  of  this  purely  mechanical  character  of  the 
phenomena  of  electricity  is  of  the  greatest  practical  importance, 
for  we  must  remember  that  the  founder  of  this  mechanical  view, 
the  immortal  Maxwell,  in  opening  this  new  view  of  electrical 
phenomena  contributed  to  the  advance  of  this  science  as  much  as, 
if  not  more  than,  any  other  investigator  of  this  century. 

It  offers  a  new,  simple,  and  exceedingly  convenient  method  of 
transforming  electrical  energy  from  low  to  high  potential. 

It  enables  us  to  observe  very  accurately  the  behavior  of  dielec- 
trics and  of  iron  when  under  the  inductive  action  of  resonant 
currents,  and  thus  to  determine  the  exact  limits  within  which 
condensers  can  be  employed  in  the  solution  of  electrical  engi- 
neering problems. 

It  offers  a  new  and  exceedingly  simple  method  (the  method  of 
harmonic  analysis  mentioned  above)  of  studying  the  working 
of  alternating  current  machinery  under  various  conditions  of 
load. 

It  points  out  a  new  and  apparently  very  promising  direction 
in  which  the  difficult  but  exceedingly  important  study  of  the 
magnetic  ])roperties  of  iron  can  be  pushed  ahead. 

In  closing  my  remarks  I  wish  to  thank  my  pupil,  Mr.  Milton 
C.  Canfield,  for  the  very  eflBcient  assistance  he  has  given  me  in 
the  preparation  of  this  lecture. 
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Discussion. 

The  Pbbsident  : — Gentlemen,  you  have  heard  Dr.  Pnpin's 
admirable  paper.  Does  the  Institute  wish  to  make  any  remarks 
oniti 

Mb.  Tesla  : — Gentlemen,  I  do  not  know  whether  I  can  con- 
tribnte  in  any  way  to  the  clear  and  skillful  exposition  which  Prof. 
Pnpin  has  made  of  the  phenomena  of  resonance.  They  have 
been  familiar  to  me  for  a  long  time.  In  fact,  two  or  three  years 
back  I  began  to  work  on  lines  in  which  an  observation  of  some 
of  the  rules  advanced  by  Dr.  Pupin  is  an  absolute  necessity,  and 
one  of  the  reasons  why  I  have  only  reluctantly  consented  to 
deliver  a  lecture  on  some  high  frequency  phenomena,  which  I 
have  shown  on  two  or  three  occasions  was,  that  I  felt  inadequate 
to  the  task,  because  in  every  experin)ent  one  has  to  depend  on 
certain  delicate  balances  and  one  ciinnot  always  feel  sure  of  suc- 
ceeding in  the  experiment,  especially  in  a  public  lecture.  Dr. 
Pupin  has  admirably  succeeded  in  performing  before  an  audience 
a  number  of  difficult  experin)ents.  I  saw  this  marvellous  experi- 
ment with  the  iron  core,  performed  by  him  last  week,  I  believe, 
and  I  have  been  much  impressed  with  the  importance  of  the 
molecular  condition  of  the  iron.  Any  observation  relating  to  the 
iron  most  be  of  interest,  as  it  may  lead  to  valuable  results,  and 
since  I  am  called  upon,  I  may  mention  a  few  of  my  own  exper- 
iences, though  they  might  not  be  in  direct  connection  with  the 
subject  treated  by  our  lecturer.  About  two  years  ago  I  observed 
a  curious  eflFect  which  I  abstained  from  mentioning  so  far,  because 
I  could  not  explain  it  to  my  satisfaction.  It  was  this: — I  had  an 
alternator  of  high  frequency  operating  an  induction  coil.  The 
irecondary  of  this  induction  coil  was  connected  to  a  Cardew 
voltmeter,  and  I  had  made  the  windings  so  as  to  bring  the 
deflection  into  the  best  range  of  voltmeter.  A  condenser 
was  connected  to  the  alternator.  I  varied  the  amount  of 
iron  in  the  core  of  the  coil  and  observed  the  rise  in  the 
electromotive  force.  As  iro!i  wires  were  added  the  electromo- 
tive force  would  continuously  rise  up  to  say  100  volts, 
Then  there  was  a  point  at  which  when  1  added  a  few  iron  wires, 
the  electromotive  force  fell  off,  about  two  volts.  A  further  ad- 
dition did  not  make  a!)y  change  whatever.  I  observed  that  effect 
repeatedly  and  repeatedly,  but  could  not  satisfactorily  explain  it. 
Now  in  tlie  light  of  the  experiment  of  Dr.  Pupin  and  with  the 
knowledge  we  presently  possess,  I  cannot  think  else  than  that 
there  was  something  of  the  same  nature  in  the  phenomenon. 
The  delicate  balance  which,  ae  Dr.  Pupin  has  shown  can  be  easily 
upset  by  the  introduction  of  a  single  iron  wire  in  the  coil,  re- 
minds me  of  an  experience  with  a  machine  which  was  regulated 
by  means  of  an  *' auxiliary  or  third  brush,"  a  very  interesting 
device,  but  owing  to  the  extreme  sensitiveness  not  quite  com- 
mercially available.  The  idea  is  to  take  a  dynamo,  having  the 
field  magnet  in  series  with  the  circuit  and  connect  a  point  oi  the 
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field  coil  or  of  the  external  circuit  by  means  of  an  auxiliary 
brush  with  a  point  of  the  commutator.  The  sensitiveness  obtain- 
able by  this  means  can  be  anything  one  chooses,  and  so  great  can 
it  be  iTiade  that  the  slightest  disturbance  on  the  machine  may  up- 
set the  whole  circuit,  and  if  there  bet  arc  lamps  in  the  circuit,  for 
instance,  one  may  barely  tap  a  lamp  thus  causing  an  imperceptible 
movement  of  the  carbon  rod  and  all  the  lamps  will  go  out,  if  the 
auxiliary  brush  is  in  sncii  a  position  and  the  field  coil  so  connected 
that  the  shifting  of  the  neutral  line  is  an  accumulative  eftecX,  In 
order  to  improve  the  action  of  the  lamp  mechanism  I  had  the 
machine  constructed  in  such  a  way  as  to  give  periodic  impulses 
of  a  certain  intensity,  which  produced  a  noticeable  vibration  in 
the  field  magnet,  and  so  well  did  I  know  the  machine,  operating 
it  day  and  night  (for  at  that  time  practically  all  my  life  was  passed 
in  the  laboratory),  that  I  could  tell  from  these  vibrations,  by  hold- 
ing an  iron  bar  in  a  certain  position  to  the  field  magnet  whether 
the  machine  was  working  properly.  I  noted  then  that  sometimes 
all  of  a  sudden  the  lights  would  go  out.  After  this  had  occurred 
about  a  dozen  times,  I  recognized  that  when  I  came  with  the  iron 
bar  near  to,  or  touched  the  field  magnet  I  disturbed  the  field 
enough  to  displace  the  neutral  line  and  the  lights  would  go  ont 
because  the  machine  would  discharge  itself. 

Another  observation  which  I  may  mention  about  the  iron,  came 
to  my  attention  in  1886.  I  then  made  some  experiments  on  a  so- 
called  "  thermo-inagnetic  generator.  This  mhU  bonum  prin- 
ciple has  no  doubt  occupied  the  time  of  many  inventors.  I 
had  attacked  the  problem  in  quite  a  diflferent  way,  sufficiently 
promising  to  justify  an  engineer  to  enter  into  an  investigation 
and  see  what  could  be  done.  The  method  I  followed  was  to 
enclose  in  a  stove  an  iron  core  which  closed  the  circuit  of  a  mag- 
net, this  iron  core  consisting  of  a  box  of  iron  with  small  sheets  of 
iron  running  through  offering  an  enormous  cooling  surface.  I 
used  steam  passed  through  the  interstices  to  cool  down  the  iron. 
My  expectation  was  that  the  iron  would  just  cool  down  a  little  so 
as  to  become  magnetized  when  steam  was  admitted  by  means  of 
a  valve.  The  circuit  of  the  magnet  would  then  be  closed  and  the 
valve  was  automatically  shut,  thereupon  the  iron  was  again 
heated  and  demagnetized.  To  a  certain  measure  the  valve 
worJied  well,  but  the  vibration  was  too  slow.  It  generally  so 
happened  that  when  the  steam  was  admitted  it  would  be  decomposed 
and  a  greenish  fiaine  would  shoot  out  of  the  stove.  This  indica- 
ted that  the  temperature  of  the  iron  was  too  high.  I  would  bring 
the  temperature  of  the  iron  down  by  admitting  two  or  three  times 
the  steam  in  pressing  upon  the  valve.  Every  time  I  did  this,  the 
flame  would  shoot  out  of  the  stove.  Then  there  would  be  a  miss 
for  about  two  or  three  times  in  succession,  no  flame  appear- 
ing, the  iron  being  cooled  sufficiently,  but  upon  doing  it  the 
fourth  or  fifth  time  which  took  about  a  second  or  two,  the 
flame  would  shoot  out  ouce  more.     I  could  not  explain  this  phe- 


1998.]  2)28CtTS8I0X  897 

nomenoD.  A  little  later,  I  obtained  the  classical  work  of  Dr. 
HopkinsoD  on  the  recalesence  and  other  properties  of  iron  at 
high  temperatares  and  plainly  saw  that  it  was  recalescence.  The 
temperature  must  have  just  been  varied  around  the  critical  point. 
Still  another  fact  which  I  recollect  to  have  observed  in  experi- 
ments with  high  frequency  currents  is,  that  an  iron  rod  or  wire, 
when  an  arc  is  formed  through  it,  burns  and  sputters  with  vio* 
lence,  considerably  more  so  with  high  than  with  low  frequency  or 
direct  currents.  It  is  possible  that  the  effect  is  solely  oue  to  the 
magnetic  properties  of  the  iron,  but  it  might  be  more  or  less  pro- 
duced by  the  increased  resistance  and  consequently  more  intense 
heat  evolution.  With  great  magnetizing  forces  an  iron  wire  in- 
serted in  a  high  frequency  coil  is  instantly  brought  to  a  high 
temperature.  This  I  have  before  pointed  out,  but  Dr.  Pupin  has 
observed  a  similar  thing  with  low  frequency  currents  when  a  con- 
denser is  in  circuit  and  resonating  action  takes  place. 

I  wish  to  say  in  i*egard  to  converting  to  high  potential,  starting 
from  a  low  potential  dynamo,  by  simply  combining  capaci^  and 
self-induction  with  the  circuit,  that  is  by  resonating  action,  1  have 
in  my  paper,  which  has  just  gone  to  print,  dwelt  specifically  upon 
converting  in  this  manner,  and  in  fact  I  am  delighted  to  see  that 
Dr.  Pupin  has  taken  the  views  he  has  here  expressed.  My  usual 
method  was  to  attach  to  the  alternator  a  coil  consisting  of  a  great 
number  of  sections,  and  to  associate  adjustable  capacity  with  the 
coil,  and  then  to  vary  the  number  of  sections  and  the  capacity  until 
the  best  resonance  was  obtained.  This  obviated  the  employment  of 
a  secondary  coil;  but  I  found  tliat  in  adjusting,  it  was  preferable  to 
convert  first  the  low  tension  currents  to  such  a  high  potential 
that  the  necessary  capacity  would  become  extremely  small,  so  as 
to  be  reduced  merely  to  that  of  two  small  plates,  because  of  the 
great  difficulty  of  producing  a  condenser  of  large  capacity  adjus- 
table by  extremely  small  steps,  which  it  is  necessary  to  employ 
when  the  potentials  are  small.  If  we  convert  to  a  potential  of 
say  50,000  volts  then  the  capacity  becomes  very  small,  and  we 
can  just  use  a  few  plates  immersed  in  oil,  which  permit  varying  the 
capacity  by  extremely  small  degrees,  and  without  sudaen,  dis- 
turbing breaks.  This  is  one  of  the  reasons  why  I  have  always 
preferred  to  convert  in  a  secondary  circuit.  The  adjustment  by 
varying  self-induction  by  means  of  an  iron  core  is,  as  Dr.  Pupin's 
experiment  now  plainly  shows,  not  always  practicable.  I  think 
that  the  experiments  we  have  seen  here  demonstrate  that  we  are 
as  yet  far  from  having  studied  the  properties  of  iron  thoroughly, 
and  that  much  remains  to  be  done  in  this  direction.  I  agree  with 
Dr.  Pupin  that  the  condenser,  which  I  had  thought  was  going  to 
be  of  great  help  in  alternating  work,  does  not  reallv  appear  to 
have  a  great  future  in  connection  with  apparatus  with  large  iron 
cores,  as  motors  or  transformers,  because  of  the  action  of  the 
iron,  and  for  one  more  reason  besides,  namely,  that  we  can,  es- 
pecially if  we  have  a  high  potential  or  high  frequency^  alwaya 
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wind  a  coil  so  as  to  take  up  just  enough  capacity  to  be  in  reso- 
nance with  the  circuit,  in  so  far  as  the  iron  core  will  permit 
I  only  have  to  add,  that  I  sincerely  thank  Dr.  Popin,  (which 

Erobably  is  the  wish  of  all),  and  that  I  have  profited  very  much 
y  his  lecture,  which  is  a  clear  and  precise  exposition  of  the 
principle,  as  well  as  a  most  interesting  experimental  demonstra- 
tion 01  electrical  resonance  with  a  dynamo  machine. 

[Adjourned.] 


[Communicated  afteb  Adjournment  by  Dr.  Pupin.] 

Mr.  Tesla  is  very  kind  and  generous  with  his  compliments. 
I  do  not  think,  however,  that  his  statement  of  facts  is  tree  from 
ambiguity.  He  states  that  the  phenomena  of  resonance  which 
I  have  discussed  were  familiar  to  him  for  a  long  time.  My  dis- 
cussion  referred  to  low  frequency  resonance,  whereas  Mr.  Tesla 
has,  I  think,  always  worked  with  high  frequency  apparatus,  so 
that  his  familiarity  with  low  frequency  resonance,  the  subject 
which  I  discuss,  is  probably  not  based  upon  his  own  experimental 
investigations.  At  the  time  when  the  Ferranti  effect  called  forth 
so  much  valuable  discussion  in  England,  Mr.  Tesla  ^  contributed 
some  remarks  to  this  discussion,  which  remarks  cuhninated  in  the 
following: — "2%«  writer  looked  for  a  case  of  resonance*  but  he 
was  unable  to  augment  the  effect  by  varying  the  capacity  very 
carefully  and  gradually,  or  by  changing  the  speed  of  the  machine. 
A  case  of  pure  resonance  he  was  unable  to  obtain.  When  a  con- 
denser was  connected  to  the  terminals  of  the  machine  ♦  *  ♦ 
the  capacity  which  gave  the  highest  e.  m.  f.  corresponded  most 
nearly  to  that  which  just  counteracted  the  self  induction  with  the 
existing  frequency,'' 

Mr.  Tesla  states  also  in  this  article  that  the  highest  value  of 
the  augmentation  of  the  potential  which  he  was  able  to  obtain 
by  connecting  a  condenser  in  series  to  the  armature  of  his  high 
frequency  (10*  periods  per  second)  machine  was  only  four  or  five 
times  the  impressed  e.  m.  f.  What  then  could  Mr.  Tesla  infer 
from  this  result  in  regard  to  resonance  effects  with  low  frequency? 
Certainly  nothing  that  was  encouraging. 

At  no  other  time  did  Mr.  Tesla,  so  far  as  I  am  aware,  approach 
the  subject  of  resonance  any  closer  than  in  the  article  just  referred 
to. 

Perhaps  Mr.  Tesla  means  that  he  was  acquainted  with  the 
phenomena  of  low  frequency  resonance  which  I  discussed  from 
the  investigations  of  other  men,  like  Fleming,  Kapp,  Glazebrook, 
Swinburne,  Lodge,  Blakesley,  etc.s  I  appreciate  fully  the  value 
of  the  labors  of  these  men,  but  still  I  fail  to  see  a  very  dose  re- 

1.  Electrical  Wor/d,  N.  Y.,  Feb.  2Ist,  1891. 

2.  The  meaning  of  this  term  Mr.  Tesla  did  not  explain. 

3.  See  London  KUctrician  for  \ft^^,  \S^Q  wid  1^91,  also  •'  Fleming's  AKer. 
nate  Current  Transformer/*  vo\.  \\.,  v-  '^^^' 
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latioD  between  their  work  and  mine,  excepting  in  one  point,  and 
that  is,  that  they  as  well  as  I,  have  shown  theoretically  that  it  is 
possible  to  produce  a  high  rise  of  potential  by  a  combination  of 
self-indnction  and  capacity.  I  have  shown  it  experimentally  also. 
But  I  think  that  I  have  pointed  out  very  clearly  in  the  course  of 
my  lecture  that  I  did  not  regard  the  resonant  rise  of  potential 
as  an  end  but  siniply  as  a  means  to  an  end,  the  end  being  har- 
monic analysis  of  e.  m.  f's,  behavior  of  iron  and  dielectrics 
under  the  inductive  action  of  resonant  currents  of  low  frequency, 
weeding  out  of  harmonics  by  means  of  resonance,  etc.  With 
these  phenomena  Mr.  Tesla  does  not  appear  to  be  familiar,  either 
from  his  own  experimental  investigations  or  from  investigations 
of  others,  excepting  those  phenomena  which  Dr.  Duncan  had  in- 
vestigated some  time  before  me  and  which  I  mentioned  in  the 
course  of  my  lecture. 


Report  of  the   Committee   on  the  Provisional   Programme 

FOR  THE  Congress. 

(The  following  is  the  appendix  referred  to  in  the  report  of 
the  Committee  on  the  Provisional  Programme  for  the  Congress. 
See  page  pp.  14  and  26  ante.) 

APPENDIX  IV. 

Electric  Notation,  Abbreviations  and  Symbols. 

The  following  is  an  abstract  of  a  paper  read  by  Mr.  E.  Hos- 
pitalier  at  the  International  Congress  in  Frankfort,  1891,  giving 
the  system  which  the  Committee  of  the  American  Institute  of 
Electrical  Engineers  suggested  using  as  a  basis  for  an  Inter- 
national system  to  be  adopted  at  the  next  Congress. 

The  object  of  this  system  is  to  introduce  a  uniform  international 
system  of  symbols,  abbreviations,  etc.,  for  terms  used  in  the 
electrical  science,  which  shall  be  as  universally  adopted  and  under- 
stood as  the  various  signs  used  in  algebra  and  trigonometry,  for 
instance.  In  such  a  system,  he  states,  that  it  is  indispensable  to 
establish  a  clear  and  precise  distinction  between  a  physical 
quantity,  its  Tnagnitude  or  valu^.,  and  the  unit  for  measuring 
such  a  quantity.  A  physical  formula  shows  the  relation  between 
physical  quantities  each  of  which  is  represented  by  a  special 
symbol.  The  magnitude  or  value  of  physical  quantities  are  rep- 
resented by  the  ratios  of  the  physical  quantity  and  one  of  the 
same  nature  taken  as  a  unit ;  the  magnitudes  or  values  of  physi- 
cal quantities  are  therefore  simply  abstract  numbers.  A  U7nt  is 
a  physical  quantity  of  a  special  magnitude  which  serves  as  a 
measure  of  quantities  of  the  same  nature ;  these  units  are  desig- 
nated by  special  names,  and  may  be  represented  by  abbreviations 
for  the  sase  of  simplification.  Symbols  representing  physical 
quantities  enter  into  physical  formula?,  but  units  never  do.  In 
tne  c.  G.  8.  system,  for  instance,  the  three  basic  physical  quanti- 
ties are  length,  mass  and  time,  which  are  represented  by  the  re- 
spective symbols  Z,  ilf  and  T;  the  corresponding  units  are  the 
centimetre,  the  mass  of  one  gram,  and  the  second ;  their  abbre- 
viations are  cm,  g,  and  s.  For  derived  quantities,  definitions 
are  established  by  equations  which  show  the  relation  between  the 
fundamental  quantities.  The  physical  quantity,  surface,  for 
instance  would  be  represented  by  the  symbol  S  and  defined  by 
the  equation  /J  =  Z  X  L  =  L^  and  the  unit  for  measuring  it  is 
the  square  centimetre  represented  by  the  expression  cm'^:  the 


402  APPENDIX  IV.  PRO  VISIONAL  PROG  RAMUS. 

physical  quantity,  velocity^  represented  by  v  is  the  quotient  of  the 
length  by  a  time  and  is  defined  by  the  equation  v  =  Z  -=-  T  = 
Z  i~'^  and  the  unit  is  a  centimetre  per  second.  This  would 
establish  the  important  and  essential  distinction  between  the 
symbols  representing  physical  quantities,  and  the  units  for  meas- 
uring their  magnitude.  He  suggests  using  italics,  Greek  and 
script  letters  exclusively  for  symbols,  while  for  the  unit^  and  their 
abbreviations  he  suggests  using  Koman  letters. 

He  suggests  furniermore  using  the  same  letters  for  physical 

?[uantities  of  the  same  nature  whose  dimensions  are  different,  or 
or  different  physical  quantities  whose  dimensions  are  the  same ; 
he  proposes,  for  instance,  to  use  the  symbol  W  for  the  physical 
quantity  "  energy,"  be  it  mechanical,  thermic,  chemical  affinity 
or  electric ;  also,  to  represent  the  moment  of  a  force  or  of  a 
couple,  as  it  is,  like  work,  the  product  of  a  force  and  a  length. 
A  length  and  a  coefficient  of  self-induction  have  the  same  dimen- 
sions and  are  to  be  represented  by  the  same  symbol  Z  to  which 
in  certain  cases  an  index  may  be  added  to  avoid  confusion.  He 
furthermore  suggests  adopting  the  system  already  in  use  of  rep- 
resenting kilometres  by  km,  millimetres  by  mm,  milligrams  by 
mg,  etc.     Of  the  six  different  ways  of  representing  quotients : 

...                      J     centimetre    cm  «i 

centimetre  per  second; ■. —  ;  —  ;  cm  :  s  ;  cm.8    *;  cm/s; 

second  s 

he  recommends  using  cm  :  s  as  the  simplest.  His  suggestions 
for  a  complete  system  of  such  units  and  quantities  as  are  used  by 
electricians,  is  given  in  the  following  table  which  he  claims  to 
have  modified  to  conform  with  the  decisions  adopted  by  the  Con- 
gress of  1S91,  which  have  been  given  in  Appendix  I.  [See  next 
page.] 

In  addition  he  also  suggests  the  advisability  of  a  uniform  sys- 
tem of  reference  to  articles  in  technical  periodicals ;  this  should 
state  the  volume,  the  page,  the  date  and  in  every  case  the  year. 
He  also  recommends  that  in  adopting  new  names,  very  great  care 
should  be  taken  :  the  word  "  drehstrom  "  for  instance,  (which 
literally  means  a  rotary  current)  docs  not  correspond  to  any 
physical  reality ;  the  proper  expression  would  be  "  polyphase 
alternating  currents." 

[The  undersigned  calls  attention  to  the  fact  that  the  symbols  do  not  all  con- 
fonn  strictly  to  the  adoptions  of  the  Congress  of  1891.  which  decided  that 
Greek  letters  should  be  used  only  for  physical  constants  and  angles ;  Mr. 
Ilospitalier  furthermore  uses  "small  caps  for  the  symbols  representing  the 
units,  in  place  of  large  capitals,  a  modincation  which  is  to  be  commended,  as 
it  avoids  confusing  a  (ampere)  ^ith  A  (acceleration).  The  chief  objection 
which  English  speaking  people  will  have  to  this  system  is,  the  changing  of  the 

IS  JS 

classical  expression  for  Ohm's  law  from  C=  —to  /  =  -^  and  writing  /•  R  for 

H  R, 

O*  R.    This  might  be  overcome  by  writing  O  for  current,  K  for  capacity^  and  / 

for  moment  of  inertia.] 

Cabl  Hebing, 

Chairman. 
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(lUptloltd  (nm  "I'/mJmtrii  A/ittr/fit,"  by  the  Amcrku  ludtnu  af  EkKtrlal  Eocinam.) 
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Compilation  of  Discussions,  Suggestions  and  Csiticisms,  Ap- 

PBABING  IN   THE  TeOHNIOAL    AND  SCIENTIFIC  PbESS  UPON  THE 

Repobt  and  Provisional  Congress  Programme  of  the 
Sub-Committee  Appointed  by  the  American  Institute 
of  Electrical  Engineebs. 


I.  The  London  Electridcm^  vol.  xxx,  No.  768,  p.  377,  Feb. 
3rd,  1893,  comments  favorably  upon  the  programme  in  general. 

Criticises  the  definition  offered  for  impressed  e.  m.  f.  on  the 
grounds  of  iuaccuracy.^ 

Questions  the  need  of  a  unit  of  reluctivity. 

Acquiesces  in  the  suggestion  of  the  term  '•"  voltage "  in  pre- 
ference to  ''P.O."  "tension''  or  "pressure,"  adding,  however, 
that  a  single  term  is  likely  to  prove  inadequate. 

Acquiesces  in  the  suggestion  of  using  the  term  "  transformer' 
in  place  of  "  converter,''  "  dynamotor '  in  place  of  "  continuous 
current-transformer,''  and  "continuDUS  current"  in  place  of 
"  direct  current." 

Objects  to  the  substitution  of  the  "  kilowatt"  for  the  "horse- 

f)Ower."  No  reason  is,  however,  given  for  the  preference  of  the 
atter,  but  it  appears  lo  be  implied  that  British  engineers  are 
wedded  to  the  term  "  horse-power." 

Approves  of  the  "henry,''  ''gauss"  and  "  we ber,"  among  the 
suggested  units. 

Objects  to  the  name  for  a  unit  of  illumination  being  made 
"candle-foot"  or  "bougie-metre,"  on  the  grounds  that  such 
compound  names  imply  a  product  of  the  components.  Does  not 
suggest  an  alternative. 

Suggests  that  the  term  "  installation"  be  discarded. 

II.  The  editors  of  the  monthly  bulletin  of  the  Society  Inter- 
nationale des  tlectriciens,  in  the  February  number  (No.  95),  in- 

1.  This  criticism  was  challenged  by  one  of  the  members  of  the  sub-com- 
mittee in  a  letter  addressed  to  the  Editors  of  The  Eiectrician,  and  published  in 
their  issue  of  March  17th,  vol.  xxx,  No.  774,  p.  579.  The  definition  was  then 
admitted  to  be  accurate,  conditional  upon  a  proposition  that  has  probably  never 
been  disputed. 
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elude  the  greater  part  of  the  sub-committee's  report,  with 
comments  of  the  following  purport : — 

Acquiescence  is  given  to  the  suggestion  that  the  practical 
electrical  units  already  adopted  and  confirmed  by  Congresses 
should  not  be  altered. 

In  regard  to  the  proposed  thagnetic  ullit^s,  doubt  is  expressed 
as  to  whether  the  advantage  of  suppressing  the  coefficient  l/4;r 
would  not  be  sufficient  to  make  the  practical  magnetic  unit  of 
M.  M.  F.  the  ampere-turn  simply. 

Acquiescence  is  expressed  towards  tlie  exchange  of  the  term 
'"  henry"  in  place  of  tne  tenn  *'  quadrant." 

It  is  agreed  that  the  *' kilowatt-hour "  and  **  ampere-hour '" 
are  units  in  themselves  sufficiently  brief  and  explicit  to  be  re- 
tained. 

The  term  '*  Board-of-Trade-Unit"  is  condemned  as  being  un- 
intemational.  It  is  pointed  out  that  according  to  the  report  of 
the  British  Board  of  Trade  Committee  on  Electrical  Standards, 
which  report  is  recommended  by  the  sub-committee  of  the 
A.  I.  E.  E.,  the  deposit  of  silver  serving  to  determine  the 
strength  of  a  current  is  referred  to  a  weight,  whereas  it  should 
for  greater  accuracy  of  expression  have  been  referred  to  a  mass.^ 

The  Board  of  Trade  proposition  of  the  standard  ohm,  i,  e.,  a 
mercury  colun\n  of  length  10r>.3  cms.  and  14  4521  grammes 
mass  at  0°C.  is  favored,  provided  that  this  value  should  be 
considered  as  definitely  fixed,  and  not  left  for  future  Congresses 
to  amend. 

Approval  is  expressed  of  the  recommendation  that  no  uni- 
versal wire-gauge  should  be  attempted  other  than  an  inter- 
national designation  of  wire  diameters  in  millimetres. 

In  regard  to  the  suggested  international  system  of  notation 
and  symbols,  the  difficulty  of  determining  initial  letters  suited  to 
all  languages  is  adverted  t(». 

The  suggestion  is  made  that  the  definition : — •'  The  impressed 
electromotive  force  is  the  ratio  of  the  total  activity  in  an  electri- 
cally conducting  circuit  to  its  instantaneous  current  strength." 
should  for  greater  clearness  be  amended  to: — ''The  impressed 
electromotive  force  at  a  given  moment  is  the  ratio  of  the  activity 
to  the  instantaneous  current  strength  at  that  moment." 

The  suggestion  is  made  that  since  the  terms  "  inductivity  " 
and  '^  permeability  "  are  set  forward  as  synonymous,  the  former 
needs  not  to  be  introduced.'* 


2  This  criticism  appears  to  have  been  withdrawn  at  the  next  meeting  of 
the  Society,  q.  r. 

3.  The  object  of  the  proposal  to  ad^pt  the  term  ' '  inductivity  "  was  to  com- 
plete the  system  of  oomenclaturo  introduced  bv  Mr.  Oliver  Heaviside,  see 
Th4  EUctririan  p.  271.  Feb.  12th,  1886.  where  the  term  "inductivity"  is 
proposed  as  a  t;ubstitute  for  'permeability,"  also  "Electrical  Papers,"  by 
Oliver  Heaviside.  vol.  ii,  p.  28.  Mr.  Heaviside  has.  however,  since  taken  the 
position  that  "inductivity"  iw  not  synonymous  with  "permeability"  (see  Tfw 
EUctneian  for  Mar.  24th.  1893,  vol.  xxx,  No.  775,  p.  593),  so  that  the  exclusion 
of  the  tenn  "inductivity,"  in  the  sense  suggested  by  the  report,  is  perhaps 
advisable. 
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Objection  is  taken  to  tlie  recognition  by  Congress  of  Matthies- 
sen's  standard  of  conductivity  for  copper. 

It  is  noted  that  the  definition  of  the  north  pole  of  a  magnet  is 
that  which  holds  in  France  without  ambiguity. 

The  consideration  of  a  nomenclature  for  electromagnetic  waves 
is  held  to  be  rather  beyond  the  scope  of  the  Congress. 

Dissension  is  offered  to  the  retention  of  the  term  "voltage" 
to  the  exclusion  of  "p.  d.,"  "tension,"  "pressure,"  and  ** dif- 
ference of  potential,"  for  the  reason  that  a  voltage  would  be  an 
improper  term  accompanying  an  evaluation  of  difference  of 
potential  expressed  in  electrostatic  units. 

III.  In  L'filectricien  of  Paris  for  the  week  commencing 
March  18th,  vol.  v,  No.  116,  p.  190,  M.  Meylan  publishes  a 
somewhat  condensed  statement  of  the  report,  with  comments  of 
the  following  purport : — 

The  term  existing  in  France  for  the  quantity  designated  in 
the  report  by  "magnetic  intensity."  is  "magnetic  induction"  or 
"  induction  "  simply. 

It  is  considered  advisable  for  the  Chicago  Congress  to  dejrig- 
nate  the  proposed  standard,  ohm,  volt  and  ampere,  when  prac- 
tically defined,  as  the  "legal  ohm,"  "legal  volt,"'  and  "legal 
ampere  " 

The  advisability  of  sanctioning  the  definition  by  Congress  of 
*•  impressed  k.  m.  k.''  is  questioned  on  the  grounds  of  uncertainty 
and  mutility 

For  the  definition  of  "  inductivity,"  the  following  su1)stitut€ 
is  suggested  :- Permeability  (or  inductivity)  is  the  ratio  of  in- 
duction to  magnetizing  force. 

It  is  suggested  that  since  Mr.  Oliver  lleaviside,  the  author  of 
most  of  the  new  terms  in  relation  to  maii:netic  nomenclature 
recommended  in  the  rei)ort,  has  also  introduced  important  tcnnj^ 
into  the  theory  of  dielectrics,  these  also  are  entitled  to  an  equal 
degree  of  consideration,  but  that  the  advantagt*  from  the  use  of 
such  terms,  considering  the  additional  strain  upon  the  memory, 
is  questionable. 

The  necessity  is  ([uestioned  for  stating  in  the  report  that  the 
mutual  inductance  of  two  electric  circuits  is  constant  in  a 
medium  of  constant  inductivity,  and  doubt  is  offered  as  to  whether 
it  can  fail  to  be  ccmstant.  when  this  restriction  as  to  the  medium 
is  removed.* 

The  definition  for  "reluctivity"  in  the  rei)ort  is  criticised  on 
the  score  of  inaccuracy.^' 

The  expressions  recommended  in  the  report  for  the  desig- 
nation of  alternating  currents  are  criticised  on  the  grounds  of 
impropriety  in  terms.     No  substitute  is,  however,  offered. 

4.  It  may  be  pointed  out  that  the  mutual  iuductance  of  two  coils  situated 
in  a  medium  with  the  magnetic  nature  of  iron  would  not  generally  be  recipro- 
cally equal,  and  that  practically,  coils  wound  upon  the  same  iron  core,  fre- 
quently develop  this  peculiarity. 

5.  This  criticism  is  valid. 
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It  is  pointed  out  that  however  desirable  it  may  be  to  render 
the  metric  system  of  weights  and  measures  international,  or  to 
employ  the  term  "kilowatt"  in  place  of  "horse-power,"  such 
words  as  "dynamotor"  and  "transformer"  can  scarcely  be 
considered  within  the  scope  of  an  international  congress  owing 
to  the  varied  requirements  of  different  languages. 

It  is  pointed  out  that  the  definition  for  "mean  alternating 
current,"  adopted  by  the  Paris  Congress  of  1889,  as  expressea 
by  the  equation, 

/  =    yr  /  i  d  t^ 

o 

is  meaningless  unless  the  symbol  T  stands  for  one  semi-period,  a 
condition  which  by  an  apparent  oversight  has  been  omitted. 

IV.  In  the  bulletin  of  the  Societe  Internationale  des  filec- 
triciens,  appearing  for  March,  1893  (No.  96),  on  page  127,  the 
minutes  are  recorded  of  a  discussion  opened  bv  the  President  of 
that  Society  in  Paris  on  thf^  Ist  of  March.  Tfie  following  is  an 
abstract  of  this  discussion  participated  in  by  MM.  A.  Blondel, 
Guillaume,  and  E.  Ilospitalier : — 

M.  Blonde]  suggests  that  the  term  "inductivity  "  is  unneces- 
sary, since  it  is  synonymous  with  the  already  well  established 
"permeability,"  and  that  its  briefer  definition  would  be  the  ratio 
of  magnetic  induction  to  magnetizing  force  at  the  point  con- 
sidered. 

The  definition  of  the  "impressed  e.  m.  f."  in  the  report  is 
criticized  as  being  unnecessary,  and  contrary  to  the  ideas  and 
usages  of  continental  writers.  It  is  pointed  out  that  "impressed 
E.  M.  F."  as  defined  in  the  report,  is  described  by  French  writers 
as  the  "active  difference  of  potential"  measured  at  the  terminals 
of  the  circuit,  and  that  the  occasion  for  the  use  of  impres^ed 
E.  M.  F.  would  disappear  if  the  term  "electromotive  force" 
were  strictly  reserved  to  differences  of  potential  generated  in 
some  part  of  the  circuit  in  virtue  of  a  local  transformation  of 
energy,  retaining  for  all  other  cases  the  term  "  difference  of  po- 
tential" simply. 

The  term  "voltage''  is  regarded  unfavorably  as  being  too 
vague,  and  in  some  aegree  slang.* 

The  term  "coeflBcient  of  self-induction  "  is  recommended  for 
the  quantity  designated  by  the  report  under  the  suggested  term 
"  inductance,"  and  this  latter  name  is  relegated  to  what  is  termed 
the  "inductive  resistance"  of  a  circuit,  and  represented  by  Kva 
the  equation, 


0.  This  criticism  is  applicable  only  to  the  term  ' '  voltage  "  in  the  French  lan- 
guage, the  English  wora  being  unexceptionable  in  this  respect. 
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V  being  the  effective  difference  of  potential,  S  the  ohmic  rerifi- 
tance,  and  /  the  effective  current.'^ 

The  definition  of  "  inductance  "  proposed  in  the  report  is  also 
criticized  on  the  ground  that  while  it  applies  accurately  to  a 
single  coil  of  wire,  it  fails  to  hold  for  more  complex  combinations. 
So  that  if  two  similar  separate  bobbins  are  selected  without  iron 
cores,  and  first  connected  in  series  with  a  traversing  current  /, 
then  in  parallel  with  a  current  2  /,  each  bobbin  will  have  the 
current  i  in  either  case,  but  that  according  to  the  proposed  de- 
finition, the  self-induction  they  offer  to  the  cniTent  in  the  circuit 
will  be  reduced  to  one  half  in  the  latter  case,  while  it  really  is 
reduced  to  one  quarter.® 

The  definition  suggested  as  a  substitute  is : — The  coeflScient  of 
self-induction  is  at  every  instant  the  ratio  of  the  counter  e.  h.  f. 
produced  by  the  variation  of  current  to  the  first  derivative  of  the 
current  in  respect  to  time,  according  to  the  equation, 

_  ^'  ^'  F, 
""         di 
dt 

where  i  =  current  strength. 

The  definition  of  "  reluctivity "  proposed  in  the  report  is 
criticized  as  inaccurate,  since  not  merely  the  volume,  but  the 
length  and  cross-section  of  the  prism  of  medium  has  to  be  con- 
sidered when  its  reluctance  is  reckoned.  No  substitute  is  pro- 
posed, but  it  is  added  that  since  the  reluctivity  in  a  medium  is 
the  reciprocal  of  its  permeability,  no  term  is  needed  for  its 
expression.* 

In  regard  to  the  proposed  unit  of  illumination, the  term  "lux" 
is  recommended  at  the  suggested  value  of  a  bougie-decimale  at 
one  metre,  for  the  reason  that  it  is  commercially  more  convenient 
to  describe  a  lamp  as  of  100  cmdles  than  as  of  5  violles. 

M.  Blondel  then  considers  the  concrete  standard  of  illumina- 
tion. He  points  out  that  consideral)le  difficulty  exists  at  the 
present  time  in  the  photometry  of  arc  lamps  owing  to  the  dif- 
ference in  quality  between  their  light  and  that  given  by  the  usual 
secondary  illuminating  standards.  He  therefore  recommends  a 
sub-standard  of  his  own,  consisting  of  an  arc  lamp,  shaded  and 
screened  in  such  a  way  that  a  certain  portion  of  the  crater  be- 

7.  This  use  of  the  term  inductance  appejirs  to  be  principaUy  coDfined  to  the 
treatment  of  strictly  sinusoidal  currents. 

8.  It  is  considered  that  tliis  is  an  unfair  interpretation  of  the  detinitioo  sug- 
^rested  bv  the  committee,  and  that  the  definition  can  be  applied  legitimately  to 
circuits  of  an\  degree  of  complexity.  If,  in  the  case  of  divided  circuits,  the 
flux  linked  with  ea(;h  division  of  the  current  is  assumed  in  the  deflnitioii,  and 
not  as  linked  with  the  total  current,  the  discrepancy  disappears,  and  the  total 
inductance  of  the  circuit  is  then  determined  by  the  riiles  compounding  separate 
inductances  in  multiple. 

9.  For  a  similar  reason  it  might  be  urged  that  since  a  name  exists  for  the  unit 
of  resistance,  no  name  is  needed  for  the  unit  of  conductivity. 


DI80U88I0N8  OF  CONGRESS  PROGRAMME,  409 

comes  the  standard  emissive  surface ;  and  the  theory  upon  which 
the  application  rests  is  that  the  temperature  of  pure  carbon  in  the 
craters  of  all  arc  lamps  operating  under  normal  conditions  is 
constant,  also  that  the  emissivity  of  the  glowing  surface  in  such 
craters  is  independent  of  their  molecular  structure,  within  the 
limits  of  practical  conditions.  lie  further  suergests  that  photo- 
metric measurements  made  with  this  sub-standard  should  be  de- 
sigiiated  as  "by  standard  arc." 

M.  Guillaume  (see  also  Electrical  WorM^  April  15,  1893, 
p.  283),  pointed  out  that  althongh  the  sanction  and  legalization 
of  units  or  standards  do  not  fall  within  the  province  of  a  Con- 
gress, but  remain  for  oflScial  conferences  to  determine,  yet  that 
ample  discussion  upon  such  matters  is  desirable. 

Attention  was  then  drawn  to  the  importance  of  fixing  upon  a 
uniform  system  of  terminology  for  physical  properties.  The 
termination-iZi^y*^  should  pertain  to  properties  of  matter  inde- 
pendent of  its  form  or  volume,  while  thetermination-a/ic^  might 
justly  be  appropriated  by  properties  of  matter  which  are  functions 
of  those  variables.  By  this  means  the  following  table  is  ob- 
tained : — 

Properties  of  matter.  Values  depending  upon  form. 

Resistibility  .  .  (a)  Resistance     .  {R)  =  (a  L"^) 

Conductibility  .  .  (;')  Conductance  {F)  =i(j  I^ 

Permeability  .  (/i)  Permeance    .  (Q)  ■=i(ji  L) 

Reluctibility  .  (/>)  Reluctance    .  \u)  =  (p  Z"^) 

The  terms  " inductibility  "  and  "inductance"  might  be  added, 
but  it  would  first  be  advantageous  to  define  "induction,"  a  term 
now  employed  with  several  different  meanings.  Two  of  these 
meanings  might  be  suppressed  if  "total  induction  "  were  replaced 
by  "  flux  of  force,"  while  "  magnetic  induction  "  could  give  place 
to  "flux-density."  The  importance  of  adopting  the  term  " con- 
ductance" is  alluded  to,  since  by  its  aid  the  following  theorems 
follow : 

The  total  resistance  in  a  series  circuit  is  equal  to  the  sum  of  its 
separate  resistances. 

The  total  conductance  of  a  multiple  circuit  is  the  sum  of  its 
separate  parallel  conductances. 

The  practical  importance  of  the  "mho"  in  networks  of  distri- 
buting conductors  is  also  mentioned. 

The  values  proposed  in  the  report  for  the  gauss  and  the  weber 
are  endorsed,  but  the  value  of  the  gilb  is  dissented  from  on  the 
ground  that  in  order  to  retain  a  coherent  practical  system  of 
units  the  unit  of  m.  m.  f.  should  be  the  gauss  cm.  and  not 
1/10  of  the  o.  o.  8.  unit  suggested." 

10.    The  terminatioD-tPi^^  might  perhaps  bo  equally  admissable  in  this 


11.  We  think  that  the  relations  between  the  *' practical"  units  should  call 
for  the  value  of  the  gilb  as  the  gauss- quadrant. 
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On  the  question  of  concrete  standards,  a  inisapprehensioD  is 
pointed  out  in  tlie  criticism  appearing  in  the  Bulletin  of  the 
oociety  for  tlie  previous  month  (February),  where  objection  was 
offered  to  the  Board  of  Trade  specification  for  tlie  ampere  de- 
termination. The  practical  method  of  manipulation  described  in 
that  specitication,  if  made  w'ith  proper  care,  cancelled  the  discrep- 
ancy between  mass  and  weight,  which  was  the  subject  of  criti- 
cism. 

It  is  shown  that  England  had  already  officially  adopted  the 
ohm  of  10G.3  cms.,  which  must  he  a  close  approximation  to  the 
true  value,  and  that  Germany  was  about  to  legalize  the  same 
value.  It  was  important  that  France  should  also  adopt  a  similar 
course  of  action 

M.  Hospitalier  drew  attention  to  the  words  of  the  report  in 
which  the  new  units  proposed  are  defined  in  relation  to  the  abso- 
lute units.  He  pointed  out  that  these  latter  would  be  more 
correctly  described  as  the  v.  g.  s.  units. 

It  is  considered  that  the  unit  of  m.  m.  f.  need  not  be  1/10  of 
the  c.  i\.  s.  unit  since  the  difficulty  of  introducing  the  constant 
l/4;r  would  oflfset  the  advantage  to  l>e  derived. 

The  term  *'  Ixniicie-metre "  for  the  unit  of  illumination  is 
strongly  objected  to  on  the  ground  that  the  combination  would 
appear  to  imply  the  product  of  the  two  components.  If  the 
term  ''bougie  at  a  metre"  l>e  inadmissible,  a  new  word  such  as 
"lux"  would  be  prcfemble. 

The  proposal  of  the  report  to  exclude  motions  for  altering  the 
values  of  existinij:  ])ractical  electric  units  is  commended. 

The  names  of  the  units  propo>ed,  (iilbert,  Weber  and  Gauss^ 
are  endorsed,  but  not  their  values.  The  instance  is  cited  of  the 
value  sugg(»sted  for  fiux  density — the  gauss — at  1(>®  c.  o.  s.  line.^ 
per  8(|.  cm.  to  correspond  witli  the  volt,  but  which  valuation 
would  render  very  snuill  fractions  necessary,  in  order  to  express 
weak  fields  occuring  in  practise. 

The  suggestion  of  the  re])ort  to  retain  the  terms  *'  ampere-hour'- 
and  ''kilowatt-hour"'  unchanged  as  also  to  avoid  attempts  at  the 
introduction  of  a  new  international  wire  guage,  are  all  approved. 

Objection  is  taken  to  the  definitions  suggested  for  '•  impressed 
E.  M.  F."'  and  "inductance/"  and  it  is  observed  that  these  defini- 
tions might  be  rei)laced  with  advantage,  but  substitutes  are  not 
offered. 

The  definition  of  **  reluctivity ''  as  '*  reluctance  per  unit  volume'" 
is  also  criticized  as  incorrect,  ecjually  with  such  a  definition  of 
velocity  as  length  per  unit  time.  The  y)h rase  in  this  case,  held 
to  be  correct,  being  the  'Njuotient  of  a  length  by  a  time."  *^ 


12.  The  (lertnitionM  sii^<2:este(l  in  the  report  for  reluctivity  might  be  altered 
to  the  following  : 

Simple  (lofinition  :  The  uunu'ricul  value  of  the  reluctance  oflfenxl  by  a  unit 
cube  of  the  medium  between  op])ose(l  parjiUel  faces. 

Strict  definition  :  Reluctivity  is  the  reciprocal  of  pernieubility. 
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It  is  considered  inadvisable  for  Coni):resa  to  sanction  the  term 
*  voltage"  as  synonymous  with  ''difference  of  potential,"  and 
while  tlie  more  universal  employment  of  terms  such  ns  ''  trans- 
former" in  place  of  ''converter,"  or  *'clynamotor"  instead  of 
'  continuous-current-transformer"  may  be  in  themselves  de- 
sirable, they  are  secondary  matters  confined  principally  to  the 
English  language. 

V.  The  discussion  on  this  subject  was  resumed  by  the 
Society  at  its  monthly  meetintr  of  the  7th  of  April,  hs  reported  in 
the  Bulletin  for  that  month.  No.  97,  p.  19' ».  Observations  were 
tnade  bv  MM.  P.  Boucherot  and  A.  Blondel. 

M.  Boucherot  does  not  deny  the  failure  of  the  definition  for  in- 
ductance  proposed  in  the  report  when  applied  to  a  complex  system 
of  circuits,  as  claimed  by  M.  Blondel  at  the  previous  meeting, 
but  claims  that  the  substituted  definition  offered  )>y  M.  Blondel 
is  open  to  objections,  when  iron  is  included  in  the  medium,  for 
which  reason  the  definition  of  the  report  is  endorsed,  with  the 
amendment  that  when  the  medium  contains  iron,  the  coefficient 
of  self-induction  so  defined  should  be  considered  as  the 
instantaneous  value  only. 

Reference  is  then  made  to  the  fact  that  in  France  the  term 
''  inductance  "  invariablv  denotes  the  product  of  a  coefficient  of 

self-induction  by  an  angular  VL4ocity  I  /^^J  pertaining  to  an  al- 
ternating current  circuit  whose  ])eriodic  time  is  7\  The  follow- 
ing definition  is  consequently  offered  for  the  term  inductance: — 

The  inductance  of  an  alternating  current  circuit,  is  a  positive 
or  negative  value,  of  the  nature  and  dimensions  of  resistance, 
whose  presence  gives  rise  to  a  difference  of  potential  like  a  resist- 
ance but  without  entailing  absorption  of  energy."  A  series  of 
analogies  is  then  presented  by  w^hich  this  definition  is  claimed  to 
simplify  language  and  avssimilate  expressions. 

M.  Blondel  continued  the  discussion  upon  the  best  definition 
for  the  ''coefficient  of  self-induction,"  or  for  "inductance"  as 
suggested  in  the  report.  Citing  the  paper  of  Dr.  Sumpner,  in 
the  J^hU.  Mag.  for  June  1887,  p.  458,  upon  this  subject,  he 
pointed  out  that  there  are  at  least  three  ways  in  which  self-induc- 
tion can  be  defined,  and  while  the  report  suggested  one  of  these, 
it  did  not  suggest  that  one  which  appeared  to  be  the  most  con- 
venient, for  which  reason  his  definition  was  offered  as  a  substi- 
tute at  the  previous  meeting. 

A  motion  was  then  made  and  carried,  to  formulate  at  the  hands 
of  a  commission,  the  conclusions  of  the  Society,  and  to  transmit 
the  same  to  the  International  (Congress  at  Chicago,  (an  abstract 
of  the  report  of  this  commission  will  be  found  below.) 

VI.  In  an  article  appearing  in  the  Ehdriral  Wnrld  of  May, 
ll^th,  vol.  xxi.  No.  19,  p  852,  Mr.  T.  R.  llosebrugh  assents  to  the 
values  proposed  in  the  report  for  the  "  weber"  and  '•  gauss,"  but 
l)oints  out  advantages  that   would  be  derived  from  making  the 
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practical  unit  of  m.  m.  f.  the  ampere-turn,  and  making  the  value 
of  the  oersted  4  t:  times  more  than  that  the  report  advocates.  By 
this  means  it  is  claimed  that  the  objectional  coefficient  l/4;r  would 
be  removed  from  that  part  of  the  system  involving  ampere-turns 
directly,  and  thrown  into  the  part  relating  to  reluctance.  It  is 
argued  that  there  would  be  less  objection  to  the  introduction  of 
this  coefficient  associated  with  the  reluctance  of  a  magnetic  cir- 
cuit since  in  most  practical  computations  of  reluctance  some 
coefficients  must  already  perforce  enter,  especially  if,  as  in  Eng 
lish  speaking  countries,  measurements  are  made  and  computed 
in  inches. 

VII.  In  No.  33  of  L'Industrie  Electrique,  appearing  for  the 
10th  of  May,  p.  207,  M.  Hospitalier  deals  with  the  subject  of 
symbols  and  notation  for  physical  (juantities,  and  includes  several 
matters  under  discussion  in  connection  with  the  report  of  the 
sub-committee  of  the  A.  I.  E.  E. 

The  table  of  terms  recommended  by  M.  Guillaume  in  the  dis- 
cussion of  the  Societ6  Internationale  des  filectriciens  is  advocated, 
except  that  the  term  "  inductivity "  is  rejected  as  superfluous, 
and  "permeability"  retained.  In  accordance  with  the  same 
plan,  the  term  "  capacitance  "  is  suggested  as  preferable  to  the 
already  existing  "capacity,"  but  this  is  not  pressed  in  view  of  the 
firm  hold  that  usage  has  given  to  the  latter. 

The  term  "  linear  capacity  "  is  advocated  for  the  quotient  of 
the  capacity  of  a  line  of  conductor  by  its  length,  "linear  insula- 
tion" for  the  product  of  the  total  insulation  of  such  a  line  by  its 
length,  and  "  linear  resistance  "  for  the  quotient  of  its  conductor 
resistance  by  its  length. 

The  term  ''  coefficient  of  self-induction "  is  retained  for  the 
quantity  denominated  in  the  report  under  the  term  "inductance," 
but  with  the  definition  suggested  in  the  report,  remarking  that 
special  terms  might  well  be  em])loyed  to  designate  the  secondary 
conditions  set  up  when  the  magnetic  permeability  of  the  medium 
is  subject  to  variation. 

The  name  "  henry  "  for  the  unit  of  this  quantity  is  endorsed. 

In  view  of  the  (iifficnlty  of  obtaining  a  satisfactory  and  con- 
venient system  of  practical  magnetic  units,  it  is  suggested  that 
no  other  than  the  fundamental  c.  o.  s.  units  be  employed,  in 
which  case  the  names  "gilbert,"  "  weber,"  "oersted  "  and  "gauss" 
will  not  be  needed.*' 

In  reference  to  alternating  current  circuits,  it  is  observ^ed  that 

a  special  name  is  needed  for  the  angular  velocity   -^,  and  the 


13.  It  may  be  pointed  out,  that  the  uamcs  for  the  units  are  perhaps  more 
urgently  needed  in  practice  than  any  particular  combination  of  values  attached 
to  them,  and  that  these  names  might  still  fill  a  great  want,  if  attached  directly 
to  the  c.  o.  e.  units,  even  if  the  corresponding  practical  values  should  be  re- 
jected. 
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term  '^pulsation"  suggested  by  Dr.  J.  A.  Fleming  in  "The  Alternate 
Current  Transformer  "  is  recommended. 

The  term  "  impedance  "  is  suggested  for  the  denominator  in 
the  expression 

E 


/  = 


^^+('"^-jc.y 


and  for  the  quantity  enclosed  between  the  brackets,  the  term 
*'  reactance  "  is  proposed.** 

The  term  "impressed  e.  m.  f."  is  considered  unnecessary. 
The  definitions  proposed  in  the  report  for  the  desi^ation  of 
alternating  current  systems  are  criticised  as  being  lacking  in 
rigor,  but  no  substitutes  are  offered.*' 

The  term  **  polyphase  "  is  recommended  to  apply  not  merely 
to  systems  of  more  than  three  currents,  but  to  systems  of  more 
than  a  single  current,  thus  embracing  di phase  and  triphase 
systems. 

VIII.  At  the  meeting  of  the  American  Institute  of  Electrical 
Engineers,  on  the  17th  of  May;  a  discussion  was  opened  upon  the 
subject  of  the  Congress  proposals.  Mr.  T.  D.  Lockwood  re- 
stated the  criticisms  which  he  had  made  upon  the  sub-committee's 
report  in  the  Electyncal  Engtneev  for  Feb.  22nd,  1893,  vol.  xv. 
No.  251,  p.  196,  in  relation  to  the  definition  of  the  poles  of  a 
magnetic  needle.  He  suggested  substitution  of  the  term  "  davy  " 
for  "  bougie-metre  "  as  the  unit  of  illumination,  and  the  use  of 
the  term  "  direct  current "  in  place  of  the  term  "continuous  cur- 
rent." 

It  was  pointed  out  by  one  of  the  members  of  the  sub-committee 
that  Mr.  Lockwood's  amendment  of  the  first  mentioned  defini- 
tion might  well  be  advocated,  changing  the  definition  into  the 
following :  "  The  north  pole  of  a  magnet  to  be  defined  as  being 
that  which  seeks  the  terrestial  north  pole,  and  the  south  pole 
that  which  seeks  the  terrestial  south  pole.''  The  remaining  criti- 
cisms were,  however,  matters  of  opinion  and  for  discussion,  and 
in  particular  that  it  seemed  inadvisable  to  introduce  a  new  name 
for  a  unit  whose  existence  was  scarcely  warranted  as  a  definition. 
Professor  Nichols  pointed  out  that  the  unit  of  light  adopted  by 
the  Congress  of  1884  (the  violle),  can  only  be  considered  as  a 
temporary  standard  until  such  time  as  light  can  be  measured  in 

14.  The  term  impedance  has  already  received  definition  from  the  Paris  Con- 
gress of  1880,  in  a  less  restricted  sense. 

15.  This  criticism  is  valid.    The  foUowing  Amendment  might  be  offered  : 

'*  Simple"  alternating  current  system  for  the  usual  alternating  current 
systems  employing  a  single  periodic  current ;  **diphase"  alternating  current 
systems  for  such  as  employ  two  periodic  currents  differing  in  phase  by 
approximatelv  a  quarter  period  ;  "triphase"  alternating  current  systems  for 
such  as  employ  three  periodic  currents  differing  in  phase  by  one-third  or  one- 
dzih  of  a  period,  and  "polyphase"  alternating  current  syitem  for  such  as 
employ  more  than  three  currents. 
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c.  G.  8.  units,  and  that  for  this  reason  alone  a  special  name  for 
the  unit  of  illumination  based  upon  the  existing  standard  wtR 
undesirable. 

IX.  In  No.  32  of  L'Industrie  Electrique,  appearing  for 
April  25th,  page  181,  ME.  Hospitalier  makes  certain  proposi- 
tions in  relation  to  the  definition  of  physical  quantities  by  inter- 
national congresses. 

M.  Hospitalier  proj)Ose8  that  every  definite  physical  quantity 
should  be  defined  if  possible  as  follows : — 

1.  By  a  special  name. 

2.  An  international  symbol. 

3.  An  equation  expressing  its  relation  to  other  fundamental  or 

secondary  physical  quantities. 

4.  A  o.  G.  8.  unit  with  a  name  and  symbol  to  correspond,  when 

justified  by  frequent  employment. 

5.  One  or  more  practical  units,  decimal  multiplies  or  sub-multi- 

plies of  the  c.  G.  8.  unit  with  corresponding  designations. 
Also  when  jwssible  : — 

6.  By  a  fundamental  standard  for  scientific  purposes. 

7.  A  practical  standard  for  industrial  applications. 

As  regards  names,  each  physical  (quantity  should  have  one  and 
only  one  title.  Quantities  depending  upon  length  might  be 
specified  as  linear,  those  referred  to  surface  as  superficial  or 
sectional,  and  those  referred  to  volume  as  cubic  or  voluminal. 
Thus  the  quotient  of  the  static  capacity  of  a  submarine  cable  bv 
its  length  would  be  its  linear  capacity  measured  in  microfaracfs 
per  kilometre,  while  its  insulation  of  a  line  of  the  cable  referred 
to  the  kilometre  would  be  its  linear  insulation,  expressed  in 
megohm-kilometres.^" 

l^nch  expressions  as  kilometric  capacity,  or  kilometric  insu- 
lation, are  pointed  out  to  be  objectionable  as  definitions  of  a 
quantity,  inasmuch  as  they  introduce  a  particular  unit — the  kilo- 
metre— whereas  only  physical  (juantities  should  appear  in  the 
definition  of  a  physical  quantity. 

Thus  it  is  illogical  to  speak  of  velocity  as  a  length  per  second, 
specific  resistance  as  resistance  ])er  cubic  cm.,  magnetic  induction 
as  the  number  of  lines  of  force  y)er  s(j.  cm.,  frequency  of  an  al- 
ternating current  as  the  iinmber  of  its  periods  per  second,  etc. 

When  energy  is  referred  to  unit  volume,  as  for  example  the 
energv  of  electrification  in  a  dielectric,  and  defined  by  the  re- 

"  W 
lation  ^^  w^here  Tf^  is  the  energy  and  Fthe  volume,  the  expres- 
sion voluminal  or  cubic  energy  would  be  preferable  to  the  term 

16.  Although  such  a  convention  may  be  desirable  for  definiteness  in  terms, 
it  seems  fair  to  point  out  that  the  expression,  "megohms  per  mile"  in  the 
sense  of  average  insulation  in,  or  to,  each  mile,  is  not  incorrect,  in  ideas  or  lan- 
guage, so  far  as  English  is  concerned.  In  other  words,  that  the  meaning 
of  the  prei)Osition  "per"  is  not  at  present  restricted  to  the  operation  w 
division. 
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specific  energy  hitherto  in  general  adoption.  The  rule  ie,  how- 
ever, recommended  only  for  new  definitionfi,  and  the  quotient  of 
mass  by  volume  for  example  would  remain  density  rather  than 
become  cubic  or  voluminal  mass. 

If  possible  similar  adjectives  should  he  ap])lied  to  specify  the 
reference  of  new  physical  quantities  to  mass  and  time,  with  a 
view  to  convenience  and  accuracy  of  expression. 

The  importance  of  assigning  a  symbol  to  each  physical  quantity 
is  found  in  the  facility  tims  offered  for  the  interpretation  of 
algebraic  equaticms,  and  to  reduce  the  number  of  symbols  neces- 
sary, it  is  proposed  that  quantities  having  the  aame  dimensions 
should  be  expressed  by  the  same  symbol.  The  advantage  of  an 
equation  of  definition  is  alluded  to,  since  an  algebraic  equation 
often  serves  to  briefly  and  simply  define  a  quantity  in  terms  of 
other  quantities.  The  dimensions  of  the  f()rmer  are  then  de- 
termined by  substituting  for  the  latter  their  dimensional  expres- 
sions. 

For  convenience  in  dealing  with  c.  o.  s.  units  in  frequent  use, 
the  selection  of  names  foj*  them  is  advocated,  as  already  adopted 
with  the  ''  dyne ''  and  ''  erg."  Compound  units  should"  be  separ- 
ated by  a  hyphen  when  tne  components  are  multiplied,  and  by 
the  word  per  when  divided,  as  ampere-hour  and  metre  per 
second.'®  The  abbreviation  of  such  compound  units  would  be 
indicated  by  Roman  letters  according  to  the  recommendation  of 
the  Frankfort  Congress,  taking  the  initial,  or  the  fii*st  few  letters 
of  the  term. 

In  regard  to  concrete  standards,  it  is  recommended  that  the 
ohm  and  volt  that  may  be  decided  upon  and  defined  by  the  Chi- 
cago Congress,  should  be  characterized  for  definiteness  by  a  suffix 
or  characteristic  term  such  as  the  Chicago  ohm,  the  ohm  ^^^ ,  or 
the  ohm  jogg ,  the  word  ohm  simply  being  retained  for  the  unit 
defined  as  10^  c.  u.  s. 

It  is  considered  inadvisable  and  incompetent  for  a  f -ongress  to 
adopt  such  secondary  or  practical  concrete  standards  as  a  definite 
voltaic  cell  for  k.  m.  f.,  or  a  definitely  ccmstructed  dynamometer 
as  a  current  measurer.  While  the  practical  value  of  such  stand- 
ards is  not  denied,  it  is  considered  that  they  can  scarcely  form  a 
fit  subject  for  international  agreement. 

X.  The  MektrotechntHrhe  Zeltschnff^  No.  17,  xYpril  28tL, 
1893,  page  233,  publishes  a  translation  of  the  ('omplete  report. 

In  some  editorial  remarks  it  is  claimed  that  the  propositions  go 
far  beyond  the  province  of  an  International  Congress.  An  Inter- 
national Congress,  it  states,  can  determine  the  names  to  be  used 
for  units,  but  is  not  concerned  with  the  magnitude  of  those 
units. 

Belief  is  expressed  that  in  Germany  such  names  as  *'  reluc- 
tance," ''  inductance,"  *'  illumination  "  and  "  voltage  "  would  meet 
with  opposition. 

Some  of  the  propositions  are  claimed  to  give  the  impression 
that  the  Congress  was  a  national  instead  of  aw  \\\t^TTv%X\QTi'^V  ciw^. 
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Objection  is  made  to  the  introduction  of  the  vioUe,  which  is 
not  in  nse  anywhere. 

Belief  is  expressed  that  the  propositions  regarding  the  ampere 
and  ohm  will  meet  with  aniversal  approval. 

Regarding  the  Matthiessen  standard,  objection  is  made  to  the 
adoption  of  any  standard  resistance  of  copper"  as  the  specific 
resistance  of  copper  can  always  be  referred  to  that  of  mercury. 

XI.  The  EleGtrotechniscKe  ZeiUchrift^  No.  21,  May  26th, 
1893,  page  293,  reprints  in  full  the  official  discussion  of  the  sub- 
committee's programme,  by  a  committee  of  the  Electrotech- 
nische  Verein. 

Objection  is  made  to  the  violle  and  to  any  secondary  units 
based  on  it,  on  the  ground  that  sufficient  researches  have  not  yet 
been  made  with  that  unit  to  entitle  it  to  become  a  practical  um"t. 
A  reference  is  made  to  a  new  unit  based  on  the  light  emitted 
from  platinum  at  a  temperature  below  its  melting  pomt.  For  a 
practical  unit  of  light  the  Hefner  lamp  is  recommended  in  the 
exact  proportions  given  it  originally  by  its  inventor;  in  this 
form  researches  made  with  it,  m  the  .Imperial  Institute,  over  a 
period  of  four  years,  have  shown  it  to  be  very  reliable,  and  to 
change  the  dimensions  would  involve  a  repetition  of  this  long 
series  of  tests ;  it  is  furthermore  claimed  that  this  is  the  only 
lamp  among  all  the  others  that  have  been  proposed,  which  meets 
the  requirements  of  a  concrete  standard ;  secondary  units,  such  as 
that  of  illumination,  should  therefore  be  based  on  this  lamp. 

The  definition  of  impressed  electromotive  force  is  not  approved; 
in  general  it  is  claimed  that  heretofore  Congresses  have  under- 
taken only  the  adoption  of  units,  and  not  of  definitions.'* 

Objection  is  raised  to  a  number  of  terms  which  are  specifically 
English,  and  with  which  it  is  claimed  an  International  Congress 
is  not  concerned. 

A  recommendation  is  made  that  the  Congress  should  not  con- 
sider definitions,  that  therefore  all  the  propositions  regarding 
''  inductance,"  "  reluctance,"  ''  inductivity,"  ''  reluctivity,"  etc., 
should  be  omitted,  and  that  the  Congress  confines  itself  to  units 
alone.  The  only  exception  made  is  that  concerning  the  defini- 
tion of  a  north  magnetic  pole,  which  is  approved. 

Emphatic  approval  is  expressed  of  the  suggestion  not  to 
change  the  ampere  and  the  farad  as  well  as  any  other  of  the  six 
fundamental  quantities ;  approval  is  also  expressed  of  the  pro- 
position not  to  name  the  kilowatt-hour  and  the  ampere-hour. 


17.  The  proposition  regardinj?  the  Matthiessen  etandard  has  been  mfeunder- 
stood  ;  there  is  no  intention  to  define  a  standard  resistance  of  cupper,  but 
merely  to  state  which  one  of  the  various  values  given  by  Matthiessen  shall  be 
considered  to  be  the  standard,  when  reference  is  made  to  a  Matthiessen  standard. 
As  this  is  not  a  question  of  international  interest,  it  may  be  advisable  not  to 
bring  it  before  the  Congress. 

18.  This  remark  can  only  be  intended  to  apply  to  Congresses  previous  to  tluU 
at  Paris  in  1889. 
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The  propositions  regarding  the  ampere,  ohm,  volt  and  watt, 
are  approved,  with  a  sUght  alteration  to  the  effect  that  the  sug- 
gestions regarding  the  volt,  watt,  etc.,  be  made  to  read,  "these 
anits  are  to  be  based  on  that  ampere  and  that  ohm." 

Objection  is  made  to  stating  tne  value  of  a  b.  a.  unit  in  terms 
of  the  ohm,  as  this  is  a  mere  matter  of  measurement,  and  does 
not  concern  the  Congress. 

Objection  is  taken  to  the  adoption  of  the  Matthiessen  standard^* 
on  the  ground  that  it  cannot  be  definitely  defined  until  the  de- 
gree of  softness  of  copper  can  be  indicated. 

Regarding  the  terms  "true  ampere"  and  "  true  ohm,"  etc.,  it 
is  claimed  that  no  international  decision  is  necessary,  for  when 
these  quantities  are  represented  by  letters  the  true  values  are 
understood,  and  the  few  persons  who  are  concerned  with  the 
true  values  will  express  themselves  so  as  to  be  understood. 

Approval  is  expressed  of  the  adoption  of  a  unit  of  electrical 
conductivitv,  but  not  of  the  word  "mho,"  in  place  of  which 
"  thomson  "  is  recommended. 

The  name  "  henry "  is  approved,  although  it  is  thought  that 
there  is  no  real  neea  of  a  new  name  for  the  quadrant.  The  sug- 
gestion is  made  that  the  names  "Gauss"  and  "Siemens^' 
^ould  receive  first  consideration  in  naming  any  new  units  in  the 
future. 

Regarding  the  magnetic  units,  it  is  thought  that  there  will  be 
strong  opposition  to  them  among  practical  engineers  who  uni- 
versally use  the  c.  g.  s.  units,  against  which  there  are  no  objec- 
tions ;  it  is  claimed  that  the  phrase  "  lines  of  force  per  square 
centimeter"  is  preferable  to  the  word  "gauss,"  whicli  requires 
a  definition  before  it  means  anything  definite  ;  it  is  therefore  re- 
commended that  the  c.  g.  s.  magnetic  units  be  made  the  practical 
units. 

Regarding  nomenclature  and  symbols  it  is  suggested  that  for 
angles  the  letters  ^9  and  j  be  used  in  addition  to  a ;  that  for 
velocities  the  letters  u^  i\  lo^  be  used ;  that  for  the  acceleration 
these  same  letters  be  used  in  preference  to  the  letter  A  ;  for  forces 
the  letter/*  be  used  together  with  7^^;  that  static  moment  be  dis- 
tinguished from  work  by  representing  the  former  by  the  letter  2?; 
in  M.  Hospitalier's  proposition  dinerent  letters  are  used  for 
field  intensity  and  magnetizing  force,  two  quantities  which  how- 
ever are  of  the  same  nature,  for  it  is  immaterial,  in  a  magnetic 
field,  whether  the  magnetism  is  produced  by  iron  or  by  ampere 
windings;  for  these  reasons  it  is  recommended  to  use  the  letter  ^ 
for  both  ;*  it  is  proposed  to  change  the  letter  0  into  ^  for  mag- 

19.  This  is  apparently  a  misinterpretation  of  the  recommendation  in  the  re- 
port which  is  that  the  resistivity  corresponding  to  Matthiessen's  standard  be 
defined,  and  not  that  the  resistivity  of  soft  copper  be  defined.  Matthiessen's 
standard  is  an  arbitrary  one,  much  employed  in  industrial  applications,  and 
often  misquoted  in  valuation. 

20.  The  letter  ^is  so  imiversally  used  at  present  that  it  would  be  unwise,  if 
not  altogether  useless,  to  attempt  to  change  it,  espechilly  for  a  more  unugusl 
letttr. 
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netic  flux ;  it  is  recouimended  to  i)ennit  the  use  of  the  expressions 

U2 — T/iSind -Tj  for  representing  differences  of  potentials  or  a 

fall  of  potential  respectively  ;  it  is  suggested  to  use  the  letter  i  in 
addition  to  /  for  representing  currents ;  instead  of  representing 
specific  electrical  resistance  by  a  and  magnetic  by  />  it  is  pro- 
posed to  reverse  these  two  letters,  as  />  is  already  in  universal  nse 
for  the  electrical  resistance ;  it  is  suggested  to  use  the  letter  / 
for  specific  electrical  conductivity,  and  the  letter  G  for  the  con- 
ductivity, as  that  is  about  the  only  letter  left  in  the  alphal)et 
which  would  not  create  confusion. 

Regarding  the  c.  g.  s.  units,  it  is  suggested  to  leave  the  choice 
open  either  to  adopt  Hospitaller's  list,  or  simply  t^  write  c.  o.  s. 
units. 

As  minute  and  metre  are  represented  by  the  same  letter  m,  it 
is  suggested  to  abandon  the  use  of  the  former,  and  to  write  sixty 
seconds  instead ;  a  recommendation  is  made  to  distinguish  a  force 
of  one  kilogram  from  a  mass  of  one  kilogram  by  adding  an  aster- 
isk when  tne  former  is  meant. 

Approval  of  the  universal  adoption  of  the  metric  system  is 
expressed  in  the  most  emphatic  terms,  as  also  the  designation  of 
wires  in  hundredths  of  a  millimetre. 

Approval  is  expressed  of  the  suggestion  to  adopt  the  kilowatt 
as  a  unit  of  power. 

In  the  conclusion  disapproval  is  expressed  of  the  introduction 
of  new  names,  as  in  most  eases  the  word  '*  unit  '^  or  "  c.  g.  s. 
unit"  is  sufiicient. 

XII.  The  ElektrotechHlsche  Zalt^chrift,  No.  21,  May  26tb, 
1893,  page  295,  contains  an  article  by  Mr.  M.  von  Dolivo-Dobro- 
wolsicy  on  "  The  Question  of  the  Legalization  of  Electrical  Fnits 
of  Measurement." 

He  discusses  the  proposed  definition  of  an  ampere  in  which  it 
is  defined  in  terms  of  the  electro-chemical  equivalent  per  second, 
and  points  out  that  it  would  be  very  much  better,  besides  being 
much  more  rational,  to  first  define  the  coulomb  by  its  electro- 
chemical equivalent,  and  tlien  to  define  the  ampere  in  terms  of 
the  coulomb.  He  also  discusses  the  definition  of  an  alternating 
current  ampere,  calling  attention  to  the  fact  that,  as  at  present 
defined,  an  alternate  current  ampere,  if  redressed,  would  not  bt* 
equal  to  the  ampere  defined  by  the  electro-chemical  equivalent: 
the  two  amperes  are  therefore  different  depending  on  how  they 
are  measured  ;  in  this  connection  he  also  points  out  that  there  is 
a  third  way  of  measuring  it,  namely  bv  means  of  a  condenser,  or 
by  the  lines  of  force  generated,  in  wliich  cjise  the  measurement 
would  give  the  maximum  value  of  the  alternating  ampere.  In 
order  to  reduce  all  to  the  same  basis,  he  suggests  having  one 
ampere,  as  defined  above,  and  to  define  the  "mean  "  value  of  an 
alternating  or  pulsating  current  as  the  arithmetical    mean   of 
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he  different  values,-^  the  vahie  based  ou  the  square  root  of  the 
aean  of  the  squares,  behiff  called  the  '*  effective  ampere"  ;  no 
oaf  asion  can  then  arise.  The  same  applies  equally  well  to  volts. 
le  also  points  out  that  it  is  more  rational  to  first  aefine  the  joule 
n  terms  of  the  coulomb,  and  then  the  watt  in  terms  oi  the 
oule. 

Regarding  the  proposed  magnetic  units,  he  expressed  himself 
trongly  in  favor  of  retaining,  as  practical  units,  the  present 
ystem  of  c.  o.  s.  units,  and  ampere-turns,  claiming  that  they  are 
ilready  in  universal  use  and  that  there  is  no  objection  to  them  ; 
le  suggests  that  the  names  proposed  might  be  given  to  the  c.  g.  s. 
mits.  (A  more  complete  abstract  of  his  article  will  be  found  in 
The  Electrical  World,  July  1st,  1893,  i)affe  9.) 

XIII.  The  American  electrical  journals  of  the  week  ending 
\pril  29th  contain  a  letter  from  a  number  of  electric  lightinff 
*x>mpanies  asking  that  the  Congress  deline  the  general  commercial 
erms  2,000  c.  p.,  1,200  c.  p.,  etc.,  arc  lamps,  in  practical  electrical 
mits;  they  suggest  the  following  definition :  ''The  term  2,000 
•andle  power  arc  to  mean  an  arc  produced  by  10  amperes  and  45 
rolts  potential  difference  between  the  carbons,  or  a  450  watt  arc. 
The  candle  power  of  arcs  produced  by  currents  of  more  or  leRs 
imperes  or  more  or  fewer  volts  difference  of  potential,  to  be 
-ated  proportionally." 

XI V.  The  Bulletin  of  the  Soci^te  Internationale  des  Elec- 
:riciens  for  May,  1893,  No.  98,  continues  on  page  266  the  dis- 
cussion upon  the  Congress  proposals,  by  M.  P.  Boucherot.  M. 
Boucherot  adduces  further  arguments  in  support  of  his  views  as 
x>  the  best  definition  for  sell-induction,  as  expressed  at  the 
previous  meeting,  and  referred  to  above. 

XV. — The  June  number  of  the  Bulletin  of  the  Society  Inter- 
nationale des  Electriciens  contains  the  report  of  the  committee 
Appointed  by  that  Society  to  formulate  a  discussion  on  the  report 
yi  the  sub-committee  of  the  American  Institute  of  Electrical  En- 
ajineers.  The  committee  consists  of  twenty  members  of  the 
Society,  with  M.  L.  Raymond  as  chairman,  M.  Pellat  as  reporter, 
M.  E.  Boucherot  as  secretary,  and  members  as  follows :  Messrs. 
R.  Benoit,  E.  Blondel,  E.  Bouty,  A.  Cornu,  G.  Foussereau,  0.  E. 
Gruillaume,  A.  Hillairet,  E.  Hospitalier,  J.  Joubert,  Leduc,  6. 
Lippmann,  E.  Mascart,  D.  Monnier,  G.  de  Nerville,  H.  Pellat, 
A.  Potior,  R.  V.  Picou,  J.  VioIIe. 

The  following  is  a  translation  of  the  report  of  this  commit- 
tee:— 

1.  Ratif<:atum  of  nnitx,  t^yrm^,  and  Hynd)ol8  a^lopte^l  hy  pree^d- 
iny  Congresses. 

The  committee  is  of  the  opinion  that  it  is  extremely  desirable 
from  every  point  of  view  to  leave  unchanged  the  decisions  of 
preceding  Congresses,  except  in  cases  of  contradiction  or  error. 

*il.  Both  these  defiaitiond  have  already  been  adopted  by  the  Paris  Goacraia 
of  1889. 
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Each  Congress  is  interested  in  respecting  the  deciBions  of  pre- 
ceding Congresses  in  order  that  its  own  decisions  may  carry 
spect. 

2.  Denomination  of  certain  quantities. 

In  the  formation  of  new  terms,  the  committee  recommends  th 
employment  as  far  as  possible  of  the  termination  -ance  to  desig 
nate  quantities  relating  to  a  conductor,  or  more  generally  to 
body  taken  in  a  definite  form,  (for  example,  the  resistance  a 
C07iductance  of  an  electrical  conductor),  and  to  reserve  the  te: 
mination  -ity  for  quantities  which  characterize  the  properties  o 
matter  from  which  bodies  are  formed.  Thus  reisistihUity  o 
condicetibility  would  be  specific  resistance  or  specific  conductance. 

The  comnjittee  considers  that  the  terms  '*  coefiicient  of  self— 
induction  "  and  "  coeflScient  of  mutual  induction  "  have  been  in 
uEe  60  long  without  ambiguity  that  it  is  undesirable  to  alter  them. 

The  same  view  is  held  concerning  the  terms  "  permeability  " 
and  '*  susceptibility,"  introduced  into  science  by  Lord  Kelvin,  and 
employed  by  all  electricians. 

Conformably  with  the  opinion  of  the  committee  of  the  Ameri- 
can Institute,  the  committee  considers  that  it  would  be  desirable 
to  give  the  name  '*  reluctance  "  to  that  quantity  which  has  hith- 
erto been  designated  under  the  term  ^^  magnetic  resistance," 
namely, 

r^  dl 

J        flH 

I  representing  the  length  of  a  magnetic  conductor  in  the  direction 
of  the  lines  of  force,  s  its  cross  section,  and  //  its  permeability. 

The  committee  proposes  that  a  name  sliould  be  given  to  the 
quantity  whose  square  added  to  the  square  of  the  resistance  in  a 
circuit  traversed  by  a  periodic  current  gives  the  square  of  its 
apparent  resistance.  Tiie  name  "  reactance  *'  could  be  applied  to 
this  quantity. 

**  Impressed  electromotive  force,"  according  to  the  definition  of 
the  Committee  of  the  American  Institute,  does  not  appear  to 
differ  from  the  real  electromotive  force  residing  in  the  circuit,  at 
each  instant. 

Concerning  the  term  "voltage,"  it  has  been  introduced  into  in- 
dustrial practice,  and  should  be  retained,  but  it  appears  unneces- 
sary to  substitute  it  generally  for  "difference  of  potential." 

3.  Propositions  in  regard  to  the  creation  of  new  practical  units, 

or  new  names  for  practical  units. 

On  the  subject  of  the  name  **  henry  "  which  it  is  proposed 
to  substitute  for  the  name  "quadrant,"  adopted  by  the  Congress 
of  1889,  for  tiie  practical  unit  of  the  coeflScient  of  self  or  mutual 
induction,  the  Committee  refers  to  the  principle  of  not  changing 
that  which  has  been  adopted  by  a  preceding  Congress. 
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The  name  "mho,"  proposed  by  Lord  Kelvin,  appears  advan- 
tageoDB  for  designating  the  inverse  of  the  ohm,  in  other  words, 
the  practical  unit  of  conductance. 

The  selection  of  a  practical  unit  of  illumination,  which  shonld 
he  prodaced  by  the  bougie  decimale  upon  a  surface  placed  nor- 
mally to  the  rays  of  light  at  a  distance  of  one  metre,  supplies  an 
existing  want  Some  objections  have  been  raised  in  regard  to  the 
term  bougie-metre  applied  to  this  unit. 

The  opinion  of  the  Committee  is  opposed  to  the  creation  of  the 
practical  units  of  magnetomotive  force,  magnetic  field  intensity, 
and  magnetic  flux  proposed  by  the  Committee  of  the  American 
Institute. 

The  proposed  practical  unit  of  magnetomotive  force,  with  the 
name  "gilbert,"  and  with  the  magnitude  of  one-tenth  of  theo.  o.e. 
unit,  is  much  too  small ;  on  the  other  hand  the  practical  units  of 
field  intensity  and  of  magnetic  flux,  proposed  under  the  names  of 
the  "gauss"  and  the  **  weber,"  with  magnitudes  of  10®  c.  g.  s. 
units,  are  much  too  large. 

It  is  true  that  the  use  of  the  gilbert  would  present  the  advantage 
of  yielding  with  this  unit  the  value  of  the  magnetomotive  force 
directly  from  the  formula  ^  tt  n  i,  when  i  is  the  strength  of  the 
current  expressed  in  amperes. 

The  adoption  of  the  gauss  would  also  present  the  advantage, 
that  expressing  the  intensity  of  a  field  H'm  terms  of  this  unit, 
the  induced  electromotive  force  J? developed  at  the  extremities  of 
ii  wire  I  cms.  centimetres  long,  placed  perpendicular  to  the  lines 
of  force,  and  cutting  them  normally  with  a  velocity  of  v  centi- 
metres per  second,  would  be  expressed  in  volts  by  the  formula 
E=fflv. 

But  the  simultaneous  employment  of  the  gilbert  and  gau^s 
might  lead  to  error  in  calculations  by  omission  of  the  factor  10^ 
in  case  it  should  be  desired  to  calculate  an  intensity  of  magnetic 
field  by  dividing  the  length  of  a  tube  of  induction  into  the 
magnetomotive  lorce  considered,  for  if  the  magnetomotive  force 
be  expressed  in  gilberts,  and  the  length  in  centimetres,  the  in- 
tensity of  magnetic  field  arrived  at  will  be  in  units  of  1()~\  and 
not  of  10®  c.  G.  s. ;  it  would  therefore  be  necessary  to  divide  again 
by  10*  in  order  to  obtain  the  field  intensity  expressed  in  gausses. 

It  seems,  therefore,  more  advantageous  not  to  introduce  these 
units  which  are  inconvenient  in  point  of  magnitude  and  danger- 
ous in  point  of  accuracy  for  calculations. 

Besides,  in  practice,  magnetomotive  force  is  specified  by  the 
number  of  ampere-turns,  an  expression  which  appeals  directly  to 
tlie  eye,  and  which  is  readily  capable  of  conversion  into  c.  g.  s. 
units. 

4.  Dejinina  a/nd  adopting:  let,  means  for  inuteHalizing  the 
princtpal  practical  units  hy  standards  capable  of  being 
readiiy  reproduced  'y  27idj  names^  for  these  and  f^r  the  the- 
oretical unitSj  hy  means  of  which  they  can  he  separately  dis- 
tinguished. 
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The  modiiication  of  the  legal  ohm  proposed  by  the  committee 
of  the  American  Institute  is  a  diplomatic  matter  that  cannot  be 
settled  by  the  Conffress. 

The  committee,  however,  recognizes  that  in  a  new  definition  of 
the  practical  ohm,  it  would  be  desirable  to  replace  the  definition 
of  its  section,  whose  precise  measure  is  unattainable,  by  a  specifi- 
cation of  the  mass  of  mercury  contained  in  the  length  of  the  ohm. 

The  conference  of  1884  deemed  it  inadvisable  to  materialize 
the  ampere  and  volt  as  it  did  the  ohm;  upon  the  suggestion  of 
Lord  Kelvin,  the  ampere  remained  defined  as  the  one-tenth  part 
of  the  c.  o.  8.  unit  of  current,  and  the  volt  as  that  electromotive 
force  which  maintains  an  ainpere  through  one  ohm. 

The  unanimous  opinion  of  this  committee  is  that  it  is  inexpedi- 
ent to  revoke  this  decision. 

The  definition  of  a  standard  of  resistance  under  the  term 
''  legal  ohm  "  was  well  chosen,  since  standards  of  resistance  can 
be  made  which  remain  equal,  and  which  can  be  mutually  com- 
pared with  great  precision,  while  the  determination  of  the  abso- 
lute value  of  a  resistance  is  a  very  long  and  delicate  operation, 
susceptible  of  much  less  precision. 

It  is  quite  otherwise,  however,  in  the  case  of  currents  and  elec- 
tromotive forces. 

The  direct  determination  of  the  strength  of  a  current  in  abso- 
lute measure  by  the  employment  of  a  dynamometer  balance  is  a 
rapid  and  precise  operation,  when  the  electrodynamometer  has 
been  prepared  with  the  care  suitable  for  the  construction  of  a 
standard  instrument,  or  when  its  constant  has  been  determined 
by  comparison  with  one  of  these  standards.  On  the  contrary,  the 
determination  of  the  strength  of  a  current  by  the  weight  of  an 
electrolytic  deposit  is  a  long  and  laborious  operation,  susceptible 
of  much  less  precision.  If  a  standard  of  current  strength  (stand- 
ard ampere)  were  defined  electrolytically,  the  strength  of  a  cur- 
rent would  be  determined  with  more  difficulty  and  with  less 
exactitude  by  the  standard  ampere  than  by  reference  to  the  theo- 
retical ampere,  for  which  reason  such  a  definition  is  unserviceable. 

The  Committee  recognizes,  however,  the  great  importance  of 
the  recommendations  of  the  recent  report  of  the  Board  of  Trade 
upon  the  means  of  determining  with  the  greatest  possible  accuracy 
the  strength  of  a  current  by  reference  to  the  fact  that  one  ampere 
deposits  in  one  second  0.001118  grammes  of  silver  (to  within  about 
1  part  in  1000).  Tins  enables  an  electro-dynamometer  balance  to 
be  dispensed  with  when  a  degree  of  precision  greater  than  1  part 
in  500  is  not  desired. 

As  regards  the  materialization  of  the  volt,  no  galvanic  element 
retains  an  electromotive  force  constant  to  the  same  degree  of 
precision  with  which  this  electromotive  force  can  be  obtained  by 
comparing  it  with  the  difference  of  potential  determined  from  a 
known  current  trans  versing  a  known  resistance,  a  rapid  and 
readily  executed  operation.     A  galvanic  element  can  therefore 
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only  serve  as  a  temporary  standard,  and  by  taking  its  temperature 
variations  into  account. 

The  Committee  does  not  consider  it  advisable  to  establish  a 
bongie-decimale  standard  based  upon  the  use  of  the  amyl-acetate 
lamp.  The  study  of  these  lamps  has  shown  that  they  are  not 
sufficiently  constant,  and  that  their  light  is  not  sufficiently  whito. 

Like  the  Committee  of  the  American  Institute,  the  opinion  of 
this  Committee  is  opposed  to  the  creation  of  a  standard  of  con- 
ductivity. 

It  is  recommended  to  indicate  commercially  the  qualities  of  a 
metal  in  regard  to  its  conductivity,  by  the  resistance  of  a  wire  of 
this  metal,  having  a  length  of  100  metres  and  weighing  1  kilo- 
gramme. 

5.  Definitions  of  certain  expressions. 

The  Committee  points  out  that  the  terms  "north  pole,"  and 
"south  pole"  for  magnets  have  already  been  adopted  by  the 
Congress  of  1889. 

In  regard  to  alternating  currents,  the  expressions  of  "  simple 
currents,"  diphase,"  triphase,"  etc.,  "  polyphase,"  are  in  general 
use,  and  it  is  desirable  to  retain  them. 

0.   International  system  of  notation  and  symbols. 

In  consideration  of  the  diversity  of  languages,  the  Committee 
considers  that  propositions  in  this  regard  can  only  be  made  to  ad- 
vantage in  Congress. 

XVI.  Attention  is  also  ciilled  to  the  following  articles  on  the 
modern  ideas  of  the  theory  of  electrical  quantities,  by  Mr.  Ch. 
Ed.  Quillaume,  in  the  April  number  of  the  Bulletin  of  the 
Sociote  Internationale  des  Electriciens,  1893,  page  185.  "Energy 
as  a  Dimensional  Unit,"  London  KUctrical  Tieviev\  April  28tli, 
1893,  page  495.  An  article  on  the  propositions  for  the  legal  de- 
termination of  electrical  units  of  measurements  in  the  Klektro- 
te^hnischs  Zeitschrift,,  No.  18,  May  5th,  1893,  pace  245.  An 
article  on  "The  Physikalisch-Technische  Eeichsanstaltin  1891-2," 
in  the  London  EUeirianm,,  May  2r)th,  1893,  page  107.  An 
article  "On  the  Proposed  Practical  Magnetic  Units — Gilbert, 
Weber,  Oersted  and  Gauss,"  in  the  Electrical  WarUl  for  May 
20th,  1893,  No.  20,  vol.  xxi,  p.  371.  The  EUUrotcchnische 
Zeitschrift^  June  23rd,  page  358,  c-mtains  an  article  by  Dr.  R. 
Wachsmuth,  of  the  Imperial  Technical  Institute,  in  the  nature 
of  a  reply  to  the  article  of  Mr.  Dobrowolsky  referred  to  above; 
the  same  number,  page  361,  contains  a  report  of  the  discussion 
of  the  iNSTrruTE's  proposals,  at  a  meeting  of  the  Elektrotechnische 
Verein  ;  both  of  tiiese  have  been  received  too  late  to  be  included 
in  the  above  resinni'i ;  neither  of  them  contain  matter  of  any 
i;reat  imporrance.  (See  alpo  the  discussions  at  the  May  meeting 
i»f  this  Institkte,  page  422,  also  the  contributions  to  the  Institute 
Dii  this  subject,  pages  421)  and  432  of  the  present  number.) 
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Resume  of  Opinions  and  Suggestions  Expressed  m  Refebekce:^ 
TO  THE  Report  of  the   Sub-Committee  on   Provisionai^ 
Programme,  and  to  the   Decisions  of  the   Forthcx>ming 
Congress  at  Chicago. 

Opinions  have  been  unanimous  in  favor  of  leaving  unchanged 
the  values  of  existing  practical  electrical  units,  as  already  adopted 
by  past  Congresses. 

It  has  been  pointed  out  that  the  definition  of  the  mean  inten- 
sity of  an  alternating  current,  adopted  by  the  Paris  Congress  of 
1889,  is  incorrect  as  stated,  and  calls  for  a  slight  amendment  by 
way  of  explanatory  addition. 

It  is  generally  admitted  that  an  international  unit  of  illumina- 
tion is  in  practical  demand.  The  unit  proposed  in  the  report, 
namely,  the  illumination  of  a  bougie-decimale  at  the  distance  of 
a  metre,  has  been  well  received,  except  in  Germany,  where  a  sub- 
standard unit  of  illumination  based  upon  the  Hefner- Alteneck 
lamp  has  been  favored. 

Tlie  definition  of  the  concrete  standards  of  the  practical  units, 
as  recommended  in  the  report,  and  taken  from  the  Report  of  the 
British  Board  of  Trade  Committee  on  Electrical  Standards,  has 
met  with  general  satisfaction.  In  regard  to  the  ohm  it  has  been 
suggested  that  the  definition  shall  be  regarded  as  final  from  a 
practical  point  of  view,  and  that  whatever  slight  discrepancy 
may  be  discovered  in  the  future  between  this  and  the  best  known 
approximation  to  the  true  ohm,  shall  not  aflfect  the  practical  con- 
crete standard,  whose  formal  specification  might  be  worded  and 
denoted  accordingly. 

The  retention  of  the  terms  ampere-hour  and  kilowatt-hour  has 
been  universally  favored. 

The  introduction  of  a  practical  unit  of  conductance  has  met 
with  favor,  and  the  nanie  mho  for  this  unit  has  onlv  met  with 
opposition  in  Germany  on  the  plea  of  an  unclassical  treatment  of 
a  name  held  in  universal  respect,  the  name  "  thomson"  being  advo- 
cated as  a  substitute. 

The  recommendations  of  the  report  in  reference  to  the  new 
practical  magnetic  units  has  given  rise  to  considerable  discussion 
and  difference  of  opinion.  It  has  long  been  contended  in  English 
technical  journals  that  the  practical  computations  of  electro- 
magnetic machines  based  upon  c.  g.  s.  magnetic  units,  introduce 
burdensome  coefficients,  such  as  10^  with  inconvenient  frequency, 
while  to  fill  the  needs  of  a  system  of  nomenclature,  names  for 
magnetic  units  in  such  computations  have  been  improvised  and 
employed  provisionally.  The  German  proposals  have,  however, 
been  to  retain  the  c.  g.  s.  units,  and  without  names  for  them.  In 
France  the  same  difticulty  of  framing  a  practical  system  of  mag- 
netic units  into  a  thoroughly  convenient  and  harmoniouB  series  has 
elicited  a  dissension  as  to  whether  anv  or  all  of  the  units  recom- 
mended  in  the  report  should  be  adopted.    A  Canadian  suggestion 
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has  been  made  to  adopt  the  units  of  flux  and  flux  density  as  pro- 
posed, but  to  make  the  ampere-turn  the  practical  unit  of  m.  m.  f. 
and  alter  the  unit  of  reluctance  in  the  ratio  of  1/4  ;r  to  correspond. 
Aside  from  the  difficulty  in  agreeing  upon  the  values  of  these 
magnetic  units,  the  names  recommended  for  them  in  the  report 
have  been  generally  well  received,  the  term  Oersted  perhaps  ex- 
cepted. 

The  adoption  of  the  term  henry  for  the  unit  of  self  or  mutual 
induction  nas  met  with  general  consent.  Difference  of  opinion 
has,  however,  been  manifested  with  regard  to  the  name  of  the 
quantity  whose  unit  it  denotes,  the  term  inductance  having  been 
employed  in  France  to  denote  the  product  of  a  self  induction  by 
an  angular  velocity,  while  in  England  and  in  America  writers 
have  been  divided,  some  employed  it  in  this  sense,  and  others, 
perhaps  a  majority,  with  the  meaning  given  in  the  report,  of  a 
coefficient  of  self  induction,  or  mutual  induction,  simply. 

The  suggested  definition  and  introduction  of  the  term  induc- 
tivity  has  been  disfavored,  and  the  definition  for  "impressed  e.  m.  f." 
has  been  generally  considered  unnecessary. 

The  definition  of  the  value  of  Matthiessen's  standard  of  con- 
ductivity has  met  with  opposition  in  France  and  Germany  as 
being  of  national  rather  than  international  importance. 

The  definition  of  the  north  pole  of  a  magnet  has  not  been 
opposed,  but  it  has  been  pointed  out  that  in  the  definition  recom- 
mended in  the  report  the  word  "terrestial''  might  replace  the 
word  "geographic,"  with  lees  danger  of  ambiguity. 

The  definition  of  alternating  current  systems  as  simple,  di phase, 
triphase,  or  polyphase,  has  been  favorably  considered  in  all  but  the 
wording  of  the  proposal.  It  has  been  suggested,  however,  to 
consider  any  non-simple  alternating  system  as  a  polyphase  system. 

The  use  of  the  term  voltage  has  met  with  favor  in  England, 
but  with  disfavor  in  France  and  Germany. 

The  terms  "  transformer  "  and  "  dynamotor  "  in  place  of  "  con- 
vertor  "  and  '•continuous-current-transformer"  have  not  been 
opposed,  except  as  being  somewhat  beyond  the  scope  of  an  inter- 
national Congress.  The  more  universal  use  of  the  term  kilowatt 
in  place  of  the  term  horse-power  has  only  met  with  disapproba- 
tion in  England. 

In  France  and  Germany  objections  were  made  to  some  of  the 
terms  suggested,  on  the  ground  that  they  were  specifically  Eng- 
lish. 

The  more  universal  introduction  of  the  metric  system  of  weights 
and  measures  has  met  with  general  favor. 

Strong  recommendations  have  appeared  in  favor  of  an  inter- 
national system  of  symbols  and  notation  for  electric  magnetic  and 
physical  quantities  generally,  with  a  corresponding  revision  of  the 
existing  system  of  electrical  and  physical  nomenclature.  The 
system  of  notation  advocated  by  M.  Hospitalier,  and  generally 
recommended  in  the  report,  has  not  elicited  adverse  criticisms^ 
except  in  the  case  oi  a  few  of  the  symbols  ewggefiX^iA. 
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In  comcluBion  your  Committee  submits  the  view  that  coDsider- 
ing  the  very  debatable  nature  of  the  subjects  forming  its  report, 
the  variety  of  opinions  formed  in  different  countries  and  expreas- 
ed  under  different  interests,  the  reception  of  the  report  has  been 
remarkably  favorable,  and  appears  to  have  attained  the  desired 
object,  namely  a  concentration  of  general  opinion  toward  a  con- 
census, in  aid  of  the  forthcoming  Electrical  Congress. 

Carl  Ubkino,  Chairman. 
A.  E.  Kennkllt. 


ON  THE  XOTATION  PROPOSED  BY  M.  HOSPIT ALTER. 


BY  PROFESSOR  ALELXANDKR  MACFARLANE. 


1  wish  to  make  some  observations  on  tlie  **  Table  of  Symbols 
of  Physical  Quantities  and  of  Abbreviations''  proposed  by  M. 
Ilospitalier  at  the  Frankfort  Congress,  and  recently  recommended 
for  adoption  by  the  Snb-Comniittee  of  the  Institute  on  Pro- 
gramme for  the  Chicago  Congress.  My  observations  have  re- 
lerence  to  some  features  of  the  plan  which  it  seems  to  me  ought 
to  be  discussed  and  perhaps  amended.  The  account  of  the  sys- 
em  which  I  have  before  me  is  that  published  in  the  London 
EU^trici'Cm  for  I5th  of  January,  1892. 

The  analysis  upon  which  the  system  is  ])a8ed  is  thus  stated : 
"  The  first  and  most  indispensable  point  is  to  establish  a  clear 
and  precise  distinction  between  a  physiniJ  qiuiutity^  its  mamii 
tude^  and  the  unit  which  serves  as  a  common  measure  in  a  given 
system  to  all  magnitudes  of  the  same  kind.  A  physical  formula 
always  establishes  a  relation  between  physical  quantities,  each 
physical  (luantity  being  represented  by  a  special  symbol. 
The  magnitude  of  a  physical  quantity  is  represented  by 
the  ratio  between  a  physical  quantity  and  the  pnysical  quan- 
tity of  the  same  kind  which  is  taken  as  unity.  The 
magnitudes  of  i)hysical  quantities  are,  therefore,  essentially 
abstract  numbers.  Finally,  the  unit  is  a  physical  quantity  of  a 
particular  size,  which  serves  as  a  common  measure,  multiple  or 
sub-multiple,  to  quantities  of  the  same  kind,  which  is  desig- 
nated by  a  special  name,  and  which  allows  of  abbreviations  in- 
tended to  simplify  speech  or  writing.  The  symbols  of  physical 
quantities  enter  into  physical  f ormuhe,  but  units  never  do." 

The  above  would  be  a  sufficient  analysis,  if  all  physical  quan- 
tities were  of  the  non-directed  or  scalar  kind.  But  it  is  not  so  ; 
there  are  many  electrical  Quantities  of  the  vector  kind,  not  to 
speak  of  more  complex  kinas.  Thus  in  Clerk-Maxwell's  "  Elec- 
tricity and  Magnetism,"  vol.  1,  page  10,  we  find,  *'  When  we 
wish  to  denote  a  vector  quantity  by  a  single  symbol,  and  to  call 
attention  to  the  fact  that  it  is  a  vector,  so  that  we  must  consider 
its  direction  as  well  as  its  magnitude,  we  shall  denote  it  by  a 
German  capital  letter,  as  tf  ®  etc."  In  the  writings  of  Fleming, 
Heaviside  and  other  electricians,  such  vector  quantities  are  de- 
noted by  simple  black  letters,  such  as  A  B,  which  are  much 
easier  to  write  and  to  read. 
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To  avoid  interference  with  such  higher  analysis  or  to  provide 
for  it,  we  require  a  more  extended  view  of  physical  quantities. 
Physical  quantities  are  either  non-directed  or  directed.     A  noxi- 
directed  quantity  consists  of  magnitude  only ;  a  directed  qua^d* 
tity    consists    of   magnitude   and  axis.      Magnitude   is  further 
analyzed  into  ratio  and  unit.     In  M.  Hospitalier'fi  scheme,  syr:aD- 
bols  are  provided  for  magnitudes  only,  none  for  physical  quan"^- 
ties  involving  direction.     Thus  v  denotes  the  magnitude  of       a 
velocity,  without  regard  to  direction  ;  F  the   magnitude  of        » 
force ;  the   German  TO  means  the  magnitude  of  tne  magnet:^  ^c 
moment,  not  the  magnetic  moment  itself ;  ®  the   magnitude  -^^^ 
the  magnetic  induction,  not  the  magnetic  induction  itself.     Tl 
defect  may  be  removed  by  retaining  the  black  letters  M  and  A 
denote  the  magnetic  moment  and  magnetic  induction,  while  c< 
responding  italic  letters  M  and  A  denote  the  respective  mi 
tudes. 

Another  feature  of  the  plan,  which  appears  of  doubtful  utilil^^J' 
to  one  who  has  studied  the  higher  analysis,  consists  in  denotio-  — 8 
by  the  same  symbol  all  physical  quantities  which  have  the  sam^J® 
dimensions.     For  instance,  W  the  symbol  for  work  is  also  mad^^^ 
the  symbol  for  moment  of  a  force,  because  the  dimensions  '^^^c* 
both  are  D  M  T~^,     But,  though  their  dimensions  are  the 
these  quantities  are   very  different  in  nature ;   work   is  a  noi 
directed  quantity,  while  moment  of  a  force  is  a  directed  quantity"*''"^^* 
In  work  the  two  lengths  have  a  common  direction,  while  u^"*^ 
moment  of  a  force  they  are  transverse  to  one  another.      To  giv< 
the  same  symbol  to  two  quantities  so  different  in  their  nature  \i 
not  sanctioned  by  established  notation,  and  it  proceeds  upon  i 
principle  wliich  is  novel  and  not  in  accord  with  the  results  oi 
the  higher  analysis. 

In  the  higher  analysis  it  is  important  to  have  not  only 
symbol  for  an  angle,  but  also  a  symbol  for  an  axis.  The  Frank- 
fort Congress  recommended  physical  constants  and  angles  to^^-  -^ 
be  represented  by  Greek  letters.  An  axis  is  also  best  denoted  by 
a  Greek  letter.  Let  B  denote  a  directed  physical  quantity ;  then 
if  the  Italic  B  denotes  its  magnitude,  and  the  Greek  ^  its 
axis,  we  get  a  compact  systematic  notation  which  is  very  easily 
remembered. 

In  the  plan  of  M.  Hospitalier  centimetre  per  second  is  abbre- 
viated by  cm/s,  dyne  per  square  centimetre  by  dyne/cm,^  and 
centimetre  per  second  per  second  by  cm/s.^  Here  we  have  a 
contradiction.  If  dyne/cnr  expresses  dyne  per  square  centi- 
metre, then  by  the  same  rule  cm/s^  expresses  centimetre  per 
second  squared.  The  unit  centimetre  per  second  per  second  is 
properly  abbreviated  by  (cm/s)  /s ;  the  idea  cannot  be  unambi- 
guously expressed  without  the  use  of  a  bracket.  For  example, 
980  (cm/s)/s  expresses  the  acceleration  of  gravity,  while  490 
cm/s"  expresses  the  connection  between  the  fall  and  the  square 
of  the  time  elapsed. 
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The  importance  of  the  use  of  a  bracket  in  expressing  a  de- 
rived nnit  in  terms  of  the  fundamental  units,  is  well  shown  in 
the  case  of  the  unit  of  specific  resistance.  In  some  English 
works  such  as  Ayrton's  Practical  Electricity,  specific  resistance 
is  expressed  in  terms  of  "  ohm  per  cubic  centimetre."  In  a 
recent  paper,  printed  in  the  Elsatrical  Enaineer^  for  Decem- 
ber 28th,  1892,  M.  Hospitaller  criticises  this  usage  as  follows : 
"  For  the  same  reason,  only  the  units  of  the  quantities  which  de- 
tine  that  quantity  sliould  enter  into  the  definition  of  a  unit  of 
measure  for  a  given  quantity.  Thus  for  example,  the  English 
persist  in  expressing  specific  resistance  in  ohm  per  cm^  on  the 
assumption  that  the  specific  resistance  of  a  substance  is  the  resist- 
ence  of  a  cube  of  1  cm.  cross  section  between  opposite  faces. 
Specific  resistance  cannot  be  measured  in  ohms  per  cm,^  it  is  the 
product  of  a  length  and  a  resistance,  and  should  be  measured  in 
centimetre-ohms. 

I  drew  attention  to  this  matter  in  a  paper  read  before  the 
American  Association  for  the  Advancement  of  Science  at  the 
Washington  meeting  in  1891.  Specific  resistance  ie  not  properly 
expressed  in  ohms  per  cm^  because  per  denotes  proportionality, 
and  the  resistance  is  not  proportional  to  the  volume.  1  he  true  unit 
can  be  expressed  with  the  help  of  a  bracket,  thus :  ohm  per  (cm 
per  cm^),  tnat  is,  the  resistance  is  proportional  to  the  length  divided 
by  the  cross-section.  This  is  the  direct  definition  of  the  quantity, 
and  much  more  logical  than  the  definition  by  means  of  dimensions. 

In  M.  Hospitaller's  table  no  names  are  suggested  for  the 
o.o.s  magnetic  and  electro-magnetic  units.  It  is  to  be  hoped  that 
the  principle  of  defining  them  by  means  of  their  dimensions 
will  not  be  adopted.  Given  words  for  the  o.o.s.  units  of  in- 
tensity of  pole,  current,  electromotive  force,  and  resistance,  then 
the  others  can  be  defined  by  compound  words  which  express  not 
the  dimensions,  but  the  relations  of  the  units  to  one  another. 
Let  P  denote  the  word  chosen  for  c.g.s  unit  of  intensity  of 
pole  ;  X  the  word  for  c.g.s.  unit  of  current ;  Y  the  word  for  the 
C.G.S.  unit  of  electromotive  force ;  Z  the  word  for  the  c.o.s. 
unit  of  resistance.  Then, 
the  unit  of  magnetic  moment  is  P — centimetre. 

"       '*         intensity  of  magnetization,  P  per  cubic  centimetre. 

"       "         intensity  of  field,  dyne  per  P. 

''       "         magnetic  flux,  dyne  per  P — square  centimetre. 

'*       "         quantity  of  electricity,  X — second. 

*'       "         capacity,  X- — second  per  Y. 

'*       "         specific    resistance,  Z  per  (centimetre    per  square 
"        conductivity,  A'^  per  }'.  centimetre.) 

resistance,   }^per^r(=Z.) 

"       "         specific   conductivity,  centimetre  per  square  centi- 
metre per  Z. 
Etc.  Etc. 

Univenity  of  Texas, 
Auatin,  Tex.,  ¥eh.  21,  1893. 


COMMENTS  ON  THE  REPORT  OF  THE  COMMITlBi^ 

ON  THE  PROVISIONAL  PROGRAMME 

FOR  THE  CONGRESS. 


BY  DR.  JOHN  SAHULKA,  AUSTRIAN  DKLEGATK  TO  THE  CONORB86. 


[translation.] 
I.   New  Units. 


I 
n 


1.  In  the  calculation   of   magnetic  circuits  the  field  strengt 
which  occur  in  practice  would  have  to  he  expressed  in  very  sma 
decimals,  and   magnetic  resistances  in  very  large  numbere.     I 
order  to  have  convenient  numbers,  it  would  therefore  be  necei 
sary  to  use  the  units  micro-gauss  and  mega-oersted.     This  makess-  '^ 
it  desirable  to  retain   the  absolute  c.  g.  s.  system  of  units.     Th 
practical  units  volt,  ampere  and  olnn,  were  introduced  only  be- 
cause the  absolute  c.  o.  s.  units  would  have  given  inconvenien 
figures  for  the  quantities  occuring  in  practice.     In  magnetic  cir— - 
cuits  no  reason  exists  for  giving  up  the  absolute  system  of  units^^- 

2.  The  introduction  of  a  unit  (the  mho)  for  the  electrical  con 
ductivitv  of  a  circuit  is  not  a  nccessitv,  as  all  calculations  can  b 
made  with  the  units  ohm,  ampere  and  volt. 

II.    Names  for  New  Units. 

1.  Should  the  absolute  c.  o.  s.  system  of  units  for  magnetic 
circuits  be  retained,  which  from  recently  expressed  opinions  seems 
prol>able,  the  introduction  of  new  names  would  not  be  necessary. 

2  Tlie  name  *' mho  "  for  the  unit  of  electrical  conductivity 
was  probably  used  by  some  one  because  it  was  introduced  by  Sir 
Wm.  Thomson ;  should  the  new  unit  be  introduced,  it  would  bt^ 
easy  to  find  an  appropriate  name  (thomson).  In  order  to  be  con- 
sistent, one  would  then  have  to  introduce  a  practical  unit  for 
magnetic  conductivity  (reluctivity  ^),  and  give  it  a  name  which  is 
the  reverse  of  the  name  oersted. 

3.  The  name  henry  for  tlie  practical  unit  of  self  and  mutual 
induction  is  preferred  to  the  term  quadrant,  because  induction 
coefficients  are  not  lengths. 


1  Inductiyity,  or  magnetic  permeability,  is  doubtless  what  was  meant.    Tr. 
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III.    Definitions. 

1.  *'  The  impressed  electromotive  force  is  the  ratio  of  the  total 
activity  of  an  electrically  conducting  circuit  to  its  instantaneous 
current  strength."  Formerly  the  term  '*  impressed  electromotive 
force  "  was  understood  to  mean  the  difference  of  potential  meas- 
ured at  an  alternating  current  apparatus,  or  in  case  the  whole 
circuit  is  considered,  the  total  electromotive  force.  This  cannot 
be  meant  by  the  proposed  delinition  as  the  instantaneous  current 
etrength  occurs  in  it.  But  if  by  impressed  electromotive  force  is 
meant  the  instantaneous  value  of  the  difference  of  potential  at 
the  terminals  or  the  electromotive  force,  there  is  a  contradiction, 
for  if,  for  instance,  a  circuit  traversed  by  an  alternating  current 
contains  a  self-induction,  then  at  the  instant  when  the  instan- 
taneous  value  of  the  electromotive  force  is  equal  to  zero,  neither 
the  current  nor  the  accumulated  energy  in  the  form  of  a  magnetic 
field,  are  zero,  and  therefore  the  quotient  of  these  values  will  like- 
wise not  be  equal  to  zero ;  there  is  also  a  contradiction  if  a  con- 
denser is  inserted  in  the  circuit. 

2.  The  universally  used  term  permeability  should  not  be  re- 
placed by  the  term  inductivity. 

3.  It  is  very  desirable  that  the  definitions  of  induction 
resistance  (inductance),  and  of  the  coetHeient  of  self  and  mutual 
induction,  be  adopted  in  accordance  with  the  sugges^tions  of  the 
Committee,  taking  into  consideration  the  total  field  which  is 
linked  with  a  deimite  current  strength,  and  not  by  taking  into 
consideration  the  electromotive  force  induced  during  separate 
intervals  of  time.  In  the  latter  case  the  self-induction  coefficient 
is  a  different  one  at  every  step  of  the  magnetization,  and  is 
dependent  on  whether  the  magnetization  increases  or  decreases. 
The  change  of  value  of  the  self-induction  coefficient  cannot  be 
represented  by  a  simple  formula  on  account  of  the  irregular  fortii 
of  the  magnetization  and  hysteresis  curve.  Only  such  a  defini- 
tion of  the  self-induction  coefficient  is  suitable  in  practice,  accord- 
ing to  which  one  can  measure  these  values  with  the  usual  in- 
struments and  according  to  which  one  can  make  calculations. 
Therefore,  of  the  three  different  ways  in  which  the  self-induction 
coefficient  can  be  defined,  only  that  one  is  adapted  to  practice 
which  takes  into  consideration  the  total  field  which  is  generated. 
In  order  not  to  obtain  incorrect  values  from  the  proposed  defini- 
tion, it  should  be  added  that  the  same  is  correct  only  for  conduc- 
tors which  are  not  branched.  Mr.  Blondel  has  called  attention 
to  this  feature.  When  a  jKrhvlical  alternatimj  electroynotive 
forcej  and  not  a  constant  one,  is  acting  in  a  circuit,  special  rela- 
tions arise  which  make  it  desirable  to  introduce  also  the  quantities 
"effective  ohmic  resistance  "  {efectvri'  reHiMt-ance)^  and  ''effective 
induced  resistance  "  {eff'ertiv*'  indwUmre)  ;  only  in  the  case  of  a 
coil  without  iron,  whicli  exerts  no  action  on  any  other  conductor, 
are  these  quantities  unnecestjary.  If  a  coil  without  iron  is  traversed 
by  an  alternating  current,  the  difference  of  potential  ^Uvek  9At& 


\ 
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can  always  be  divided  into  two  components,  one  of  which  over- 
comes the  ohinic  resistance,  and  the  other  the  inductive  resistance. 
The  latter  component  precedes  the  former  in  phase  by  90** ;  the 
overcoming  of  the  inductive  resistance  requires  the  production  of 
no  energy.     But  if  the  coil  contains  an  iron  core,  the  ener^  of 
magnetization  will  have  to  be  generated  besides  the  heating  enect 
of  the  current.     In  this  case  also  there  are  two  components  of  the 
difference  of  potential ;  the  one  Ey  overcomes  the  ohmic  resistance, 
the  other  E^  overcomes  the  electromotive  force  induced  by  th 
periodically  changing  field  in  the  coil.     This  component  E^  is  no^^r^ 
longer  in  advance  of  E^hy  a  difference  in  phase  of  90°,  hut  by  a^. 
smalhr  a/ujle  a.    Tlie  inductive  resistance  could  be  determined  by 
dividing  this  second  component  E2  by  the  current  strength  /;  fron 
thisinductive  resistance  one  would  obtain  the  self-induction  coeffi- 
cient by  dividing  by  2  ;r  n.     The  component  E^  can  also  be  resolvec 
again  into  two  components,  of  which  the  one  E^  cos  a  has  the  sam( 

?ha8e  as  J?,,  while  the  other  E2  sin  a  is  advanced  in  phase  by  90° 
'he   component   -EJcosa  involves  the  energy  of  the  Foucanltzir^ 
currents  and  hysteresis,  the  component  E^  sin  a  involves  the  ex 
penditure  of  no  energy.     The  coil  with  an  iron  core  acts  like 
coil  without  iron  which  has  the  ohmic  resistance  {Ei  +  -£2  cos  a)  -r-/, 
and  the  inductive  resistance  {E^  sin  a)  -r-  /.     These  values  are  th 
effective  ohmic  resistance  (effective  resistance),  and  the  effectiv 
inductive  resistance  (effective  inductance)  of  a  coil  with  an  iron 
core.     In  the  same  way  one  also  obtains  this  effective  resistance 
for  every  transformer,  motor,  condenser,  etc.     For  the  primary 
circuit  of  a  transformer  these  values  were  calculated  by  Maxwell 
in  the  year  1865,  and  were  represented  in  the  above  manner. 
The  effective  resistances  of  an  alternating  current  apparatus  can 
in  every  case  be  found  when  the  current  strength,  the  required 
difference  of  potential,  and  the  energy  consumed,  are  measured. 
The  definitions  of  these  values  are  as  follows: 

Tlie  effective  resisiafice  of  a  circuit  is  th^e  ratio  of  the 
(ibsorhed  power  to  tJve  mean  square  of  tlie  current. 

The  effective  huluctaiice  is  th^^  square  root  of  th^.  differ- 
ence of  thr  squares  of  the  impedance  and  the  effective  re- 
sistance. 

The  effective  coe/fi^ci^/it  of  self-induction  is  tlie  ratio  of  the 
effective  inductance  to  2  r  7/ . 

4.  The  definition  of  reluctivity  cannot  be  given  by  saying : — It 
is  the  reluctance  per  unit  volume,  as  one  does  not  obtain  the  total 
magnetic  resistance  by  nmltiplying  reluctivity  by  the  volume;  it 
would  be  preferable  to  have  it  read  : — Reluctivity  is  the  magnetic 
resistance  of  a  portion  of  the  material  in  question,  having  a  length 
of  1  cm.  and  a  cross  section  of  1  cnio. 

5.  A  definition  of  Mattheissen's  standard  is  superfluous  as  the 
Congress  is  not  concerned  with  researches  regarding  this  unit. 

Vienna,  June  14th,  1893. 


AMERICAN   INSTITUTE   OF   ELECTRICAL 

ENGINEERS. 


New  York,  September  20th,  1893. 

The  seventy-ninth  meeting  of  the  Institute  was  called  to  order 
by  President  Houston  at  8  o'clock,  p.  m. 

The  President  : — It  has  been  suggested,  that,  since  the  paper 
announced  for  the  evening,  by  Mr.  D.  McFarlan  Moore,  from  its 
interest  may  call  forth  prolonged  discussion,  that  the  President's 
inaugural  address  be  postponed  until  after  its  reading.  I  will 
therefore  call  on  Mr.  Moore  to  read  that  paper  as  soon  as  the 
Secretary  has  made  some  announcements. 

The  Secretary  : — At  the  Council  meeting  this  afternoon  the 
following  associate  members  were  elected  : 


Name. 

Albanese,  G.  Sacco 


ALMON,  G.  H. 


Anderson,  W.  E. 


AUERBACHER,  LOUIS  J. 


Barnes,  Edward  A. 


Blake,  Theodore  W. 


Boardman,  Harry  B. 


BoGGs,  Lemuel  Stearns, 


Address.  Endorsers. 

Inspector  on  Electrical  Construction,  R.  H.  Pierce. 
Electrical  Engineering  Department,  L.  Stieringer. 
World's  Fair,  Chicago,  111.     F.  W.  Tischendoerfer. 

Supt.  (Construction,  General  Electric  C.  W.  Pike. 
Co.,  620  Atlantic  Ave.,  Boston,  H.A.Foster. 
Mass.  R.  W.  Pope. 

Professor  of  Physics  and  Electrical  H.  A.  Foster. 
Engineering,  Virginia  A  and  M  W.J. Hammer. 
College,  Blacksburg,  Va.  R.  W.  Pope. 

Electrician  and  Head  Salesman,  The  R.  W.  Pope. 
E.  S.  Greeley  &  Co.,  5  and  7  Dey  W.  J.  Hammer. 
St.,  New  York  City.  C.  W.  Pike. 

Electrical  Expert,  Fort  Wayne  Elec-  H.  A.  Foster, 
trie  Co.,  Electricity  Bldg.  World's  F.  S.  Hunting. 
Fair,  ill.  L.  Stieringer, 

Electrician,  Hammond  V.  Hayes. 
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The  President  : — I  take  great  pleasure  in  introducing  to  von 
Mr.  D.  McFarlan  Moore,  who  will  read  a  paper  entitled  '*  A  iJew 
Method  for  the  Control  of  Electric  Energy." 


A  pa^er  /rtstnted  at  the  Tgik  Mteting  of  the 
Awterican  Itutiiute  of  EltctricaJ  Engineers^ 
Ntnt  York^  September  JO,  /J^y,  President  Hous- 
ton in  the  Chair. 


A    NEW    METHOD    FOR    THE    CONTROL    OF 

ELECTRIC  ENERGY. 


BY    D.    McFARLAN   MOORE. 


The  rapid  growth  of  electrical  science,  and  the  almost  daily 
unprecedented  addition  to  it  of  new  inventions,  have  caused  thoB« 
well  versed  in  the  present  state  of  the  art  to  greet  new  theories 
with  a  certain  amount  of  doubt,  owing  to  the  large  number  of 
false  alarms  that  have  been  sounded  to  tell  the  world  that  all 
present  theories  and  methods  will,  in  the  future,  be  history; 
and  that  a  new  and  revolutionizing  principle  has  been  discov- 
ered. 

Be  that  as  it  may,  there  is  reason  to  believe  that  this  paper 
treats  largely  of  an  heretofore  uninvestigated  branch  of  electri- 
cal science  and  phenomena  which  may  be  of  great  value  to  the 
commercial  world,  and  of  even  greater  interest  to  the  scientific 
world. 

The  key  to  this  branch  of  science  may  be  expressed  in  a  few 
words,  viz : — A  varying-in-pressure  contact  in  a  vacuum,  pro- 
duced by  a  variable  magnetic  field. 

The  present  means  for  the  control  of  electric  currents — ohmic 
resistance — is  crude  at  its  best,  as  in  any  form  it  is  an  un- 
economical device.  All  existing  forms  of  rheostats,  regulators, 
resistance  boxes,  controllers,  etc.,  are  bulky,  clumsy  means  for 
accomplishing  a  desired  object.  This  is  conspicuously  illus- 
trated in  the  case  of  stage  regulators,  which  often  occupy  valu- 
able floor  space  and  consist  of  a  tremendous  weight  and  length 
of  wire.  That  the  design  of  apparatus  for  controlling  current 
is  a  matter  of  great  importance  and  is  essential  to  all  electrical 
installations,   is  exhibited    in   the  fact   that    over  half    of    the 
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catalogues  issued  by  electric  manufacturing  companies  are  given 
up  to  this  class  of  electrical  goods.     Many  problems  in  electrical 
engineering  are  considered  impracticable,  simply  because  of  the=" 
weight  and  space  required  for  resistance  to  enable  tlie  control  o 
the  current  as  desired. 

When  one  takes  into  consideration  the  multitude  of  switche 
of  every  conceivable  shaj)e,  construction  and  design,  but  al 
having  one   aim   in  view — which  none   perfectly  accomplish- 


viz: — to  break  a  current  without  deleterious   sparking,  it  seemi 
that,  as  all  are  designed  on  the  same  principle,  a  new  principle 
should   be   employed   which    would  perfectly   accomplish    tin 


object  desired,  that  is ;  break  the  current  with  practically  nr 
sparking.  It  would  also  be  a  very  convenient  feature  if  eacl 
switch  would  control  the  brilliancy  of  all  lights  on  the  circui 
which  it  controls. 

The  regulation  of  intensity  of  the  incandescence  of  an  electri 
filament  has  been  a  problem,  the  solution  of  which  has  been— 
sought  after  by  electricians  in  general  the  world  over,  and  par — 
tial  success  has  been  attained  by  the  use  of  the  only  known, 
means,  "  dead  resistance ; "  but  this  method  can  never  be  com- 
mercially successful,  on  accountof  very  objectionable  bulk,  weightr 
and  heating  of  the  resistance. 

The  public  in  general  demands  the  control  of  electric  lamp* 
and  the  great  convenience  gained  thereby. 

The  massive  regulators  of  dynamos,  and  starting  boxes  of 
motors  should  be  supplanted  by  devices  occupying  but  a  few 
cubic  inches  of  space.  This  is  especially  the  case  where  the  motor 
is  not  stationary,  as  in  electric  railway  work. 

There  is  room  for  a  cheap  ampere  meter,  and  still  more  room 
for  a  cheap  mechanism  to  be  used  as  an  electric  gauge  ;  that  is, 
an  instrument  which  can  be  adjusted  or  set  so  that  a  current  that 
has  passed  through  it  will  have  any  deeired  quantity  or  quality. 
This  device  could  be  substituted  in  place  of  fusible  cutouts  and 
the  multitude  of  a})pliances  of  a  similar  nature.  It  would  be 
of  great  value  in  telegraphy.  The  application  of  electricity  in 
medicine  should  also  be  improved.  Lastly,  the  reducing  of  phos- 
phorescent lighting  to  a  commercial  basis  is  desirable. 

It  is  hoped  a  solution  of  these  and  many  other  problems  lies  in 
the  principle  stated  at  the  beginning  of  this  paper,  t.^.,  a  varying- 
in-pressure  contact  in  a  vacuum  produced  by  a  variable  mag- 
netic field,  and   it  is  doubly  valuable  in  that  it  can  be  applied 
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l>oth  to  the  alternatiugaiidtlie  direct  current.  One  of  the  aimpleet 
forniB  of  apparatus  designed  for  meeting  these  conditiona  is 
shown  ill  Fig,  1.  Tlie  varying-in-pressure  contact  is  shown  at 
A,  caused  by  tlie  variable  magnetic  lield  due  to  the  luovemeiit  of 
the  m^net  ii  by  thumli  screw  c.  The  evacuated  bulb  f  contains 
the  armature  d,  supported  by  spHng  k.  permitting  it  to  vibrate 
rapidly,  producing  pulsations  or  interruptions  of  tlie  current. 
The  rate  or  degree  of  these  interruptions  depends  on  the 
Btrengtii  of  the  magnetic  field  surrounding  the  armature  (in 
this  case  acting  through  the  glass),  wliich  in  turn  depends  on 
the  distance  of  the  magnet  frtmi  it,  varying  invenjely  as  the 
square  of  the  distance.  Varying  tlie  magnetic  field,  and  there- 
fore the  pressure  on  the  contacts,  clianges  the  amperes  and  volts 
of  the  current  passing  throngh  the  device.     With  properly  de- 


signed apparatus  the  movement  of  the  annature  is  so  slight  tliat 
to  all  appearances  one  would  think  it  at  rest.  In  tlie  discussion 
of  this  method  of  current  control,  let  us  select  that  form  of 
translating  device  known  an  the  incandescent  electric  lamp. 
Fig.  2  is  a  diagram  showing  tlie  action  of  a  vibrator  in  series 
with  a  lamp,  without  the  contacts  in  a  vacuum. 

Its  action  is  as  follows; — -Contact  made  at  a;  current  flows 
through  magnet  and  armatui'e  is  attracted,  breaking  tlie  circuit; 
magnet  loses  its  power  and  spring  s  again  closes  the  circuit. 

Fig.  3  shows  the  device  as  applied  to  each  individual  lamp, 
and  it  will  be  noted  that  in  this  case  the  vacuum  of  the  lamp  is 
utilized  for  the  vacuum  of  the  contacts  as  well.  The  size  of  tlie 
armature  is  made  as  light  and  small  as  possible  not  only  on  ac- 
count of  the  general   law  of  all   mechanical   construction,  viz: 
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make  moving  parts  as  light  as  iscompatible  with  strength  bo  that 
the  position  of  the  lamp  will  have  no  effect  on  the  iocandeecenco 
of  the  filament,  but  to  minimize  the  amoant  of  reeidnal  gas  in. 
the  metal  composing  the  armature,  as  any  foreign  gas  will  bes^ 
detrimental  to  the  filament. 

In  Fig.  4  a  socket  of  ordinary  dimensions  is  shown  con — .^  , 
gtmcted  on  the  same  principle.  A  socket  of  this  kind  cac:::::^ 
be  adjusted  to  regulate  a  lamp  of  almost  any  c.  p.  within;::^ 
limits. 

Id  both  of  these  instances  the  movement  of  the  magnet  prc:^ 


duces  the  regulation,  but  it  is  evident  the  result  wonld  be  the 
same  by  either  tlie  movement  of  the  vacuum  or  the  core  of  the 
magnet,  aa  shown  at  a,  or  by  throwing  in  and  out  coils  of  the 
maj^net.  The  filament  emits  continuous  light  with  an  illami- 
nating  power  correspond inj;  to  the  rate  of  vibration  of  the  arma- 
ture. When  the  armature  i:-  not  within  the  inductive  distance  of 
the  magnet,  it  it-  at  rest  and  the  filament  being  in  circuit,  the 
light  is  at  ittt  maximum.  An  attachment  to  the  means  for  adjnst- 
ing  the  magnet  is  used  to  break  the  circuit  when  it  is  desired  to 
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extinguisli  the  light.  Tests  show  that  the  volts  and  amperes 
vary  directly  with  the  light.  This  is  apparent  from  the  follow- 
ing table,  a  16  o.  p.  lamp  being  used  : 

Amperes.  Voltmeter  No.  2  (»ee  Fig.  2). 

.42  full  c.  p.  115 

.80  84 

.17  52 

.11  86 

.07  20 

.04  15 

.08  10 

.02  just  visible  5 

Still  lower  readings  were  taken,  but  below  .02  ampere  the 
heating  of  the  filament  was  not  discernible  by  the  eye. 

As  shown  by  the  readings  of  voltmeter  No.  1,  the  more  rapid 


Voltmeter  No.  1. 

0 

81 

68 

80 

95 
100 
105 
110 


\- 


lJJl 


Fio.  3. 


Kio.  4. 


the  vibrations,  the  more  e.  m.  f.  is  required  by  the  contact 
breaker.  Inasmuch  as  the  contacts  are  in  a  high  vacuum  they 
will  remain  bright  and  effective,  and  the  light  is  regulated  with- 
out the  use  of  bulk  resistance.  Again,  with  this  arrangement 
the  current  is  not  thrown  on  or  off  the  filament  suddenly,  thus 
increasing  its  longevity  owing  to  more  gentle  treatment.  The 
slight  sparking  in  lamps  individually  regulated  will  use  up  the 
residual  oxygen  in  the  evacuated  bulb  of  the  lamp,  thus  making 
it  more  perfect,  and  lengthening  the  life  of  the  lamp. 

It  was  curious  to  note  that  practically  as  well  as  theoretically 
an  armature  suspended,  as  shown  in  Fig.  2,  is  never  perfectly  at 
rest.     When  a  photometrical  test  would  probably  decide  that  the 
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lamp  was   burning  at  full  c.  p.,  and  the  screw  a  pressing  tlm^ 
armature  b  as  tightly  as  the  construction  of  the  apparatus  woul  -    v\ 
allow  against  the  core  of   the  magnet,  if  a  sounding  board  *\* 

brought  into  requisition  the  vibrations  of  the  armature  are  plain]^K^\^' 
discernible. 

An  automatic  makeaiid-break,  or' varying-in-pressure  contae  r^-^^'^t 
or  what  has  commonly  been  called,  and  what  has  long  l>ee-^^  ^en 
sought  after,  a  scientifically  formed  '*  poor  or  imperfect  contact,^  :*"tr 
can  be  used  in  one  sense  as  a  tmnsformer.  It  will  be  interestin-^i^  ng 
to  note  the  effect  of  a  large  number  of  lamps  of  this  descriptio  ^z^  -Oii 
working  at  one  time  from  one  dynamo,  because  if  they  shoul*  W  ^i 
accidentally  become  synchronous  the  load  on  the  dynamo  woul*  I  ^Id 
be  very  varying.  But  such  a  result  is  probably  impracticable  xm'  if 
not  impossible. 

Now  let  us  again  refer  to  Fig.  2  and  note  the  changes  as  tli»  .^  ie 
lines  of  force  acting  on  the  armature  vary. 

The  vibrator  is  in  series  with  the  lamp,  because  if  in  shunt*'  t 
the  action  is  reversed  and  the  liability  to  short-circuit  makes  i  t 
impracticable. 

(1)  A  and  B  separated,  lamp  out. 

(2)  A  and  n  in  contact,  lamp  full,  because  b  is  not  in  magneti 
field  of  magnet. 

(8)  Continue  to  advance  a,  h  enters  field,  rapid  vibrations  com- 
mence and  lamp  suddenly  becomes  dim. 

(4)  Continue  to  advance  a,  lamp  gradually  brightens  until  full 
c,  V.  is  reached. 

Fig.  5  shows  these  periods  reproduced  diametrically.  It  will 
be  noted  that  there  are  two  periods  where  the  lamp  can  be  regu- 
lated. Period  2—3  is  of  too  short  duration  for  practical  applica- 
tion, however,  and  by  the  proper  adjustment  of  the  spring  can 
be  done  away  with  entirely.  Period  3 — i  covefs  the  greatest 
range  in  c.  i\  and  should  be  used.  The  delicacy  of  the  spring 
supporting  the  armature  determines  somewhat  the  position  of 
point  3,  that  is  the  minimum  in  c.  p.  of  the  filament. 

The  voltaic  arc  appears  between  the  terminals  of  a  source  of 
electricity.  In  the  case  of  the  arc  lamp,  it  consists  mainly  of 
volatilized  carbon.  The  electrodes  are  therefore  consumed,  first 
by  actual  combination  with  the  oxygen  of  the  air,  second  by 
volatilization.  The  ohmic  resistance  of  the  arc  increases  with 
its  length  and  decreases  witli  its  area  of  cross-section.  Polariza- 
tion sets  up  o.  K.  M.  F.,  and  the  extra  current  produced  by  self- 
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induction  retards  magnetic  action  and  causes  more  sparkint^:. 
"With  metallic  electrodes  the  color  of  the  arc  is  characteristic  of 
tlie  metal  and  is  of  greater  length  for  the  same  current  than  that 
formed  between  carbon  electrodes.  To  cause  electrical  vibratory 
motion,  the  current  must  either  be  greatly  weakened  or  broken. 
This  will  cause  sparking  which  when  the  life  of  the  contacts  is 
taken  into  consideration  (even  though  they  be  in  vacuo)  should 
be  reduced  as  much  as  possible.  However,  further  experiment- 
ing may  prove  the  possibility  of  current  regulation  by  varying 
the  length  of  the  arc  in  vacuo  by  means  of  an  exterior  magnetic 
field.  Also  the  construction  of  a  truly  incandescent  arc  lamp  on 
this  principle. 

Sparking  can  be  relieved  in  ma;iy  ways  : 

(1 )  Sub  divide  the  current  as  nmch  as  practicable. 


Tatl  C.P. 


VijC.P. 


Itatnp  tntf 


Fio.  5. 


(2)  The  more  rapid  the  vibrations  the  more  rapid  the  make- 
and-break,  and  consecpiently  the  less  the  spark.  To  cause  rapid 
vibrations,  the  point  of  application  of  power  should  be  as 
close  to  the  point  of  oscillation  as  possible,  or  the  point  of 
contact  should  be  as  far  from  the  point  of  oscillation  as  pos- 
sible. 

Magnetic  blast,  condensers,  non-sparking  metals,  unlike  elec- 
trodes, high  resistance,  sheath  of  copper  around  bobbin  of  mag- 
net, metal  foil  between  layers  of  magnet,  separate  coils,  etc.,  are 
all  familiar  methods. 

It  is  the  c.  E.  M.  F.,  or  automatic  "choking  effect,"  of  the 
alternating  current  that  permits  of  its  beautiful  control  without 
loss,  such  as  is  sustained  by  controlling  the  direct  current  entirely 
with  ohmic  resistance. 
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With  the  method  under  consideration,  the  c.  e.  m.  f.'s  of  the 
pulsating  or  intermittent  direct  current  are  taken  advantage  of. 
That  is,  both  those  in  the  arc  and  in  the  magnet. 

Besides,  when  controlling  current  entirely  with  ohmic  r^is- 
tance  (which  can  never  be  completely  annihilated),  it  is  con- 
stantly in  circuit,  whereas  with  the  method  proposed  for  lamp 
control,  the  only  ohmic  resistance,  that  of  the  arc  (that  of  the 
magnet  being  insignificant),  is  in  circuit  but  one-half  of  a  unit  of 
time,  and  if  there  be  any  foundation  for  the  theory  of  the  per- 
sistency of  the  vision  of  the  human  eye,  then  the  filament  of  the 
lamp  is  also  dissipating  heat  but  one-half  the  time.  Some 
energy,  however,  is  expended  in  the  continual  magnetization  of 
the  armature ;  in  fact,  this  is  another  reason  why  the  glow  of 
the  lamp  filament  is  diminished  and  why  there  is  a  c.  e.  m.  f.  in 
the  magnet.  The  greater  the  magnet  capacity,  the  less  the  self- 
induction  and  impedance. 

The  two  greatest  desiderata  in  connection  with  the  advance- 
ment of  electrical  science,  and  those  which,  because  they  have 
not  been  satisfied  and  fulfilled,  have,  in  a  measure,  for  a  number 
of  years  barred  further  progress  in  the  most  rapidly  advanced  in- 
dustry in  the  history  of  the  world ;  are  first,  the  use  of  the  efiScient 
low  voltage  lamp  on  the  efficient  high  voltage  current,  and  sec- 
ond, the  prolonging  of  the  life  of  these  lamps.  The  manufac- 
ture of  high  voltage  incandescent  lamps  is  a  subject  much 
agitated  at  present,  owing  to  the  fact  that  the  benefit  to  be  de- 
rived from  a  high  voltage  is  almost  incalculable,  as  the  capacity 
of  the  mains  now  used  by  central  stations  might  easily  be 
trebled.  But  not  only  does  the  successful  solution  of  this  prob- 
lem seem  impossible  in  this  direction,  but  it  is  now  unnecessary. 
The  greatest  advantage  of  the  alternating  system  over  the  direct 
current  system  is,  that  by  means  of  converters,  lamps  of  low 
resistance,  and  therefore  high  efliciency,  can  be  used.  It  appears 
then,  that  the  main  advantage  (without  some  disadvantages)  of 
alternating  systems  can  be  transferred  to  the  continuous  system 
by  using  in  each  socket,  or  on  every  circuit,  varying  pressure 
contacts,  causing  an  interrupted  current  of  any  desired  voltage, 
thus  increasing  the  possibilities  of  tliis  system  to  an  enormous 
extent  owing  to  the  immense  saving  in  cop(  er  conductors. 

If  an  appurtenance  of  this  construction  is  operated  by  a  cen- 
trifugal governor  attached  t<>  a  motor,  the  best  results  as  regards 
economy  and  regulation  can  be  ()l)tained,  as  the  voltage  will  then 
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vsry  directly  as  the  torque,  and  the  electric  energy  required  will 
be  proportional  to  the  power  developed.  Owing  to  the  mini- 
mam  size  of  this  device  it  can  be  made  an  integral  part  of  the 
motor.  The  salient  disadvantages  of  a  resistance  box  that  can 
now  be  overcome  by  constructing  apparatas  as  described,  are, 
first,  size;  second,  weight;  third,  susceptibility  to  changes  in 
temperature,  that  is,  variatien  in  resistance ;  fourth,  poor  contact 
caused  by  the  burning  of  clips  and  loosening  of  wires;  fifth, 
heating  and  the  great  tire  risk  consequent  thereto.    The  new 


method  is  certainly  uniijue,  and  its  application  will  l>e  the  means 
of  affording  a  great  convenience  under  many  circuniHtances. 

Owing  to  its  constancy,  due  to  its  non-susceptibility  to  tem- 
perature changes,  it  can  be  adopted,  when  the  adjuBtnient  screw 
is  used  in  connection  with  a  graduated  dial,  with  great  facility  tn 
an  electric  gauge. 

Experiment  shows  tliat  the  continuous  Hparktng  (though  slight) 
of  the  contacts  in  a  vacuum,  sets  in  motion  the  ether  molecules 
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causing  that  beautiful  8oft  blue  phosphorescent  light  similar  to 
that  produced  by  Geisaler  tubes.  While  Maxwell  was  the  firs^ 
to  note  that  a  disruptive  discharge  was  oscillatory  and  set  u 
vibrations  in  the  ether,  Professor  Henry  demonstrated  it  experi 
mentally.  The  conductive  discharge  which  occurs  when  vibra- 
ting metallic  electrodes  are  used,  and  tlierefore  of  small  resistance, 
probably  consists  of  partial  discharges  producing  oscillations 
which  in  turn  are  due  to  the  induction  of  the  current  upon  itself 
in  the  magnet.  But  the  (quantity  of  current  passing,  bears  a  rela- 
tion to  the  amount  of  disturbance  and  the  greater  the  impedance 
the  less  the  current;  also  the  more  rapid  the  vibrations  or  fre- 
quency of  interruptions,  the  more  prominent  becomes  the  self- 
induction  and  the  less  the  true  ohmic  resistance  in  the  control 
of  the  current.  These  oscillations  are  increased  if  the  arc  is  in  a 
strong  magnetic  field,  as  it  raises  the  k.  m.  f.  but  deteriorates  the 
electrodes  more  rapidly.  If  this  magnetic  field  be  variable,  the 
effect  is  magnified,  and  since  free  atoms  or  molecules  are  made 
to  collide  with  one  another  by  varying  the  surrounding  potential, 
we  can  in  a  measure  account  for  this  phenomenon  in  that  theo- 
retically following  every  impact  the  electrostatic  force  falls  from 
its  maximum  <|uantity  to  zero. 

Now  by  increasing  this  effect,  a  light  may  be  produced  of 
greater  efficiency  than  is  now  obtained  by  the  incandescent  fila- 
ment which  is  \Qr\  inefficient.  This  method  of  lighting  is  a 
radical  de|)arture  from  anything  heretofore  proposed,  as  it  will  be 
])roducing  j)hosph()rescent  light  due  to  ether  oscillations  without 
the  use  of  an  alternating  current  (although  there  is  no  reason  for 
not  using  it)  at  high  tension,  with  expensive  and  impracticable 
condensers  and  transform eis.  The  value  of  this  system  will  be 
more  clearly  discerned  when  it  is  remembered  that  the  elements 
above  mentioned  as  being  done  away  with,  are  those  which  stand 
in  the  way  of  phosphorescent  lighting  becoming  commercial  at 
present. 

Merely  the  use  of  this  simple  and  inexpensive  device  with  the 
direct  or  alternating  low  tension  current,  produces  phosphorescent 
light.  There  is  no  objection,  however,  to  using  high  voltages; 
the  effect  is  simply  increased,  because  the  gi-eater  the  stress 
between  the  terminals  and  the  more  intense  the  magnetic  field, 
the  more  rapid  will  be  the  interruptions  of  the  current.  And 
the  greater  the  number  of  impacts  per  unit  of  time,  the  more 
intense  the  heating  effect  and  the  more  economical  the  light  will 
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be.  The  most  economical  potential  (there  must  be  such)  for 
given  electrodes  can  only  be  found  by  trial,  because  the  greater 
the  heat  the  less  the  permanency  of  the  vacuum.  The  phos- 
phorescence is  probably  in  a  measure  at  least  caused  by  the 
atomic  disturbance  due  to  the  actual  mechanical  movement  of  the 
armature  in  the  vacuum  ;  the  impacts  and  the  static  electricity 
that  may  be  caused  thereby  in  conjunction  with  the  rapid  dis- 
ruptive discharges.  This  disturbance  or  action  of  varying  electro- 
static force  consists  in  the  rapidly  moving  or  vibrating  of  charged 
atoms  or  molecules  coming  violently  in  contact  with  one  another, 
producing  friction,  heat,  light.  In  fact,  the  generation  of  light 
due  to  friction  within  or  without  a  bulb  containing  rarefied  gas, 
and  caused  by  inductive  action,  is  a  subject  of  much  interest. 
Experiment  seems  to  indicate  (see  plates  8  and  9,  l,  r,  s,  t,  w,  x) 
that  the  amount  of  phosphorescence  depends  more  on  the  num- 
ber of  contacts  in  diflEerent  parts  of  the  vacuum  per  unit  of  time 
than  on  the  influence  of  a  surrounding  magnetic  field. 

By  reason  of  the  enclosed  space  in  which  miniature  incandes- 
cent arcs  can  be  made  to  occur  in  rapid  succession  throughout 
its  extent,  the  heat  resulting  therefrom  is  conserved  and  aids  in 
accomplishing  the  result  sought  for,  a  luminosity  of  maximum 
radiation  emanating  from  a  source  of  considerable  area. 

If  any  inert  gas,  such  as  oxygen  or  nitrogen  be  substituted  for 
the  vacuum,  the  phosphorescent  effect  will  most  likely  be  in- 
tensified on  account  of  more  vigorous  molecular  action,  but  the 
life  of  the  electrodes  may  be  shortened.  It  might  be  advisable 
with  metallic  electrodes  to  use  carburetted  hydrogen,  because  when 
decomposed  it  would  not  affect  the  metal.  Owing  to  the  actual 
contact  of  the  electrodes,  their  volatilization  or  disintegration  due 
to  the  arc  is  reduced  to  a  minimum,  that  is  much  less  than  is  the 
ease  when  high  tension  discharges  occur.  Of  course,  the  degree 
of  disintegration  and  the  amount  of  deposit  in  the  bulb  depend 
largely  on  the  nature  of  the  electrodes,  aluminium  probably  being 
the  best.  However,  the  more  perfect  the  vacuum,  the  less  the 
deoxidization  and  volatilization,  because  combustion  requires 
oxygen. 

Fig.  0  shows  one  form  of  phosphorescent  lamp  complete,  its 
iiize  a  little  larger  than  the  base  of  an  ordinary  lamp,  the  c.  p. 
being  devel#ped  by  multiple  contacts. 

A  matter  of  great  importance  in  the  design  of  a  lamp  of  this 
description  is  the  form  and  nature  of  the  evacuated  space,  par- 
tially determined  by  the  melting  point  of  the  glass,  also  whether 
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it  is  advisable  to  use  double  or  even  triple  bulbs,  one  within  the 
other. 

Fig.  7  denotes  one  of  the  many  forms  of  lamps  that  suggest 
themselves,  but  experience  only  can  prove  that  which  is  most 
efficient. 

The  study  of  this  branch  of  physics  and  of  these  highly  inter- 
esting phenomena  brings  to  our  minds  innumerable  ideas  in  con- 
nection with  them,  which  cannot  be  treated  individually  in  a 
short  paper.  A  few  only  of  these  ideas  are  illustrated  in  plates  8 
and  9. 

It  will  be  noted  that  the  point  in  Fig  a  is  that  the  bulb 
does  not  contain  the  armature,  but  is  mounted  upon  it,  and 
therefore  can  be  made  very  small.  As  shown,  its  operation  is 
due  to  the  principle  of  momentum.  This  is  not  the  best  form 
for  producing  phosphorescence,  in  that  the  heat  in  the  armature 
caused  by  dynamic  action  is  not  dissipated  in  producing  molec- 
ular disturbance  in  the  bulb.  Fig.  b,  elasticity  of  the  glass 
bulb  is  suggested.  Fig.  e,  rapid  vibrations  and  quick  break. 
For  rapid  action  use  short,  thick  magnet.  Fig.  l,  friction  within 
bulb  and  electromagnetic  rotation.  Figs,  m  and  n,  resistance 
boxes  where  gravity  is  utilized  in  place  of  springs. 

In  Fig.  N  carbon  plates  are  used  for  the  electrodes,  and  the 
bulb  should  be  made  of  the  first  quality  of  refractory  glass.  On 
account  of  the  expansion  of  the  gases,  formed  by  excessive  spark- 
ing, a  valve  is  shown  to  permit  of  their  escape  before  a  disrup- 
tion of  the  glass  could  occur.  This  pressure,  together  with  the 
absence  of  combustion,  bears  an  important  relation  to  the  disin- 
tegration of  the  carbon. 

p,  is  a  graduated  dial  attachment  to  indicate  character  of  current 
passing,  u,  vacuum  piston  instead  of  spring,  w,  movement  of 
metal  screens  upon  each  other,  pendulum  action,  producing 
maximum  sparking,  t,  screen  with  revolving  brushes,  resulting 
in  a  brilliant  phosphorescent  lighting  eflfect.  v,  suggests  trans- 
mission of  light  by  phosphorescent  tubes  generated  in  concealed 
portions  o  o. 

Owing  to  the  immense  production  of  incandescent  lamps, 
the  manufacture  of  evacuated  bulbs  has  been  so  perfected  and 
cheapened,  that  general  current  control  with  this  system  will 
probably  be  many  per  cent,  cheaper  than  any  method  now 
in  use. 

There  is  a  large  variety  of  rheostats  and  current  controllers 
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on  the  market  designed  to  he  used  medically,  an<l  since  the  inter- 
rupted current,  owing  to  its  peculiar  effects  on  the  human 
system,  is  now  heing  used  in  medicine,  no  hetter  form  of  current 
controller  could  be  devised  than  by  employing  the  principle 
under  consideration,  as  more  <lelicate  currents  can  he  su|>plied 
than  hv  anv  other  method  or  means,  owintr  to  the  steady  rate  of 
vihratitm  caused  hv  the  non-deoxidization  of  the  contacts  in  the 
vacuum.  This  is  clearly  |)roven  in  that  the  pitch  of  the  note 
produced  by  the  vibrating  armature  is  almost  constant. 

A  varying-in-pressure  contact  could  be  used  with  advantage 
in  c<»nnection  with  all  delicate  measuring  instruments.  It  would 
materially  aid  in  making  them  *'dead  beat/'  as  it  could  then  be 
made  impossible  to  strain  them  by  suddenly  turning  <m  and  off 
the  current. 

It  is  hoped  that  this  paper  has  b^en  of  interest  to  the  Institute, 
an<l  that  it  will  give  new  impulse  to  investigati(ms  leading  to  the 
<liscovery  of  a  more  economical  method  for  transforming  me- 
chanical moti<m  into  light,  and  an  ideal  means  for  controlling 
ele(^tric  currents. 
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Discussion. 

The  President  : — You  have  heard  Mr.  Moore's  paper.    The 
discussion  on  it  is  now  in  order.     You  will  bear  in  mind  that  it- 
is  generally  understood  that  all  papers  presented  to  the  Instittth:; 
are  open  to  free  discussion. 

Mr.  Laurence  J.  Zimmerman  : — Some  time  ago,  wliile  exj>eri- 
menting  in  another  direction  I  obtained  similar  results  by  usin^ 
incandescent  lamps.  But  I  came  to  a  diflEerent  conclusion  al- 
together from  that  of  Mr.  Moore.  He  says  in  substance,  that 
the  light  varies  in  brightness,  owing  to  a  more  or  less  perfect  or 
imperfect  contact,  resulting  from  varying  the  pressure  at  con- 
tacts. But  I  came  to  the  conclusion  from  my  experiments,  that 
the  light  varies  because  the  watts  which  are  actually  delivered  to 
the  lamp  vary  in  proportion  to  the  time  in  which  the  lamp  is 
actually  in  circuit  during  a  unit  of  time  (it  being  apparent  that 
the  lamp  is  in  circuit  only  while  the  vibrator  spring  and  contact 
point  are  in  contact  electrically),  or  to  put  it  into  a  mathemat- 
ical expression: 

in  which  JTis  the  watts  delivered  to  lamp,  when  ti  is  less  than  a 
unit  of  time,  ti  is  the  time  in  which  the  lamp  is  in  circuit  dur- 
ing a  unit  of  time,  and  C  E  is  the  current  and  e.  m.  f.  or  watts 
consumed  by  lamp  at  full  c.  p. 

In  my  experiments  1  did  not  use  a  vibrator  such  as  Mr.  Moore 
describes;  I  used  a  commutator  of  peculiar  construction,  in  which 
the  contact  was  as  nearly  perfect  as  a  brush  and  commutator  con- 
tact could  be,  but  obtained  the  same  results  as  Mr.  Moore  did 
with  a  vibrator,  showing  that  such  results  could  not  have  been 
caused  by  a  varying  pressure  at  contacts,  or  by  poor  or  imperfect 
contacts. 

Mr.  Charles   Cu'itkiss: — I  would  like  to  ask  about  a  few 

Joints,  because  I  had  occasion  ten  years  ago  to  use  an  incan- 
esceut  lamp,  so  arranged  as  to  ])roauce  this  very  effect.  This 
was  in  the  winter  of  1883.  I  used  it  on  some  small  eight  candle 
power  lamps  I  got  from  England,  and  it  was  practically  used 
during  the  most  of  the  winter.  The  ditticulty  I  found  was  that 
it  ran  nicely  for  an  hour  or  an  hour  and  a  half,  but  by-and-by 
the  points  would  oxidize,  or  rather  build  up.  In  two  or  three 
hours,  the  lamp  would  go  up  to  its  full  candle  power.  But  in 
the  experiments  I  was  conducting  at  that  time,  the  defect  was 
immaterial,  because  1  could  trim  the  points  up  again  and  con- 
tinue. This  is  one  point, — I  would  like  to  know  if  Mr.  Moore 
finds  this  trouble  on  a  three  or  four  hours  run  ?  Last  year  I 
built  a  device  almost  exactly  like  the  one  he  shows  in  his  draw- 
ing. I  have  a  socket  in  my  pocket  that  I  built  then,  and  the 
trouble  I  found  with  that  was  very  much  the  same.  It  would 
not  remain  constant.  The  effect  was  very  nice  while  it  remained 
constant.  But,  in  spite  of  all  precautions,  the  points  would  build 
up,  or  would  fuse.     My  idea  was  that  it  might  be  useful  for  a 
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eick  room.  In  the  day  time,  when  noise  was  around,  you  would 
not  notice  the  hum  of  the  armature,  but  as  soon  as  the  room  get 
quiet  you  would  think  there  was  a  dozen  musquitoes  right  around 
your  head.  I  could  not  reduce  that  noise.  It  is  quite  possible, 
if  1  put  it  in  a  vacuum  with  a  vibrating  armature,  that  the  sound 
would  not  be  transmitted.  I  merely  mention  this  to  show  that 
the  idea  has  been  used  years  ago  to  a  certain  extent.  It  certainly 
is  practicable.  Whether  it  is  practicable  to  leave  it  all  night,  or 
not,  I  do  not  know.  I  would  like  to  know  whether  Mr.  Moore 
can  answer  the  query  as  to  whether  the  points  build  up  and  alter 
the  rate  of  vibration-  in  that  way,  and  whether  he  finds  humming 
to  an  extent  that  would  be  annoying  to  a  nervous  person. 

Mr  Moore:— It  makes  a  great  difference  whether  the  con- 
tacts are  in  a  vacuum  or  not.  It  was  to  obviate  that  very  trouble 
of  the  inconstancy  of  the  vibration,  that  the  idea  of  putting  the 
contacts  in  a  vacuum  suggested  itself  to  me.  Without  the 
vacuum,  the  system  appears  impracticable,  as  upon  it  depends  the 
steady  or  constant  rate  of  vibrations,  that  can  be  obtained  by  no 
other  means.  The  noise  can  be  avoided  by  being  careful  in  the 
construction  of  the  vacuum,  not  to  place  the  armature  too  close 
to  the  glass.  With  the  device  properly  designed,  there  should 
be  no  noise  at  all — either  with  or  without  a  vacuum. 

Mr.  Edward  P.  Thompson:— The  last  speaker  but  one,  said 
iiomething  about  the  idea  being  old.  Very  often  ideas  are  old, 
but  they  are  not  on  record.  I  am  able  to  say  that  the  combina- 
tions set  forth  by  Mr.  Moore,  are  new,  so  far  as  the  records  are 
concerned  of  the  patent  offices  of  three  or  four  different  coun- 
tries. It  seems  to  me  that  such  a  device  has  certainly  got  to  come 
into  use,  before  domeHtic  lighting  can  be  pronounced  successful. 
In  bu-iness  places  no  need  for  regulators  exists,  except  for  pur- 
poses of  economy.  Perhaps  others  here,  as  well  as  myself,  have 
been  asked  by  people,  "  W  hy  is  it  that  regulators  are  not  put  on 
incandescent  lamps,  so  that  we  can  have  the  same  use  with  them 
as  we  can  with  gas?"  Sometimes  that  objection  has  been  an- 
swered by  saying  that  the  lamp  can  be  turned  off,  and  you  do  not 
need  any  match  to  light  it  agam.  But  it  is  often  necessary,  with- 
out regard  to  any  other  consideration,  to  be  able  to  turn  down 
the  light,  or  to  modify  the  light,  in  dwelling  houses.  In  refer- 
ence to  any  controller  outside  of  electrical  means,  I  came  across  a 
certain  kind  of  controller,  too  simple  perhaps  to  be  mentioned 
before  an  electrical  society,  but  at  the  same  time  a  patent  was 
granted  upon  it  several  years  ago.  The  claim  reads  about  like 
this:  "In  combination  with  an  incandescent  electrical  lamp,  of 
an  openable,  opaque  cover."  It  is  used  on  ocean  steamers,  and 
on  the  Chicago,  Milwaukee  and  St.  Paul  R.  R.  It  is  very  easy 
to  see  that  you  will  not  have  any  electrical  difficulties  there. 
The  patent  w^as  sold  at  a  very  fair  price.  You  might  say  it 
would  be  anticipated  bv  some  kind  of  cover  for  a  gas  lamp  or  for 
^n  oil  lamp.     IJut  in  those  cases  you   could  not  cover  up  the 
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lamp  and  yet  allow  the  supply  of  air  for  the  support  of  combus- 
tion to  come  in,  and  the  products  of  combustion  to  go  out.    Th^^ 
is  about  as  simple  a  device,  as  I  suppose  you  will  ever  get,  in  t^^^ 
way  of  regulating  the  light,  where  convenience  and  not  econoix"^^ 
is  desired — simply  have  a  cover  that  can  be  opened  more  or  le*^^* 

Mr.  LocKwooi) : — [  confess  that  my  train  of  thought  has  larg^^^y 
run  upon  the  same  line  as  that  of  the  last  speaker.     Of  course^       ^^ 
is  quite  impossible  that  a  |>aper  ])resenting  such  radical  featurr"^^* 
as  the  paper  we  have  listened  to,  should  be  ])resented  witho-       ^^^ 
drawing  forth  considereble  discussion,  and  I  think  it  is  unnec^^^^ 
sarv  to  say,  discussion  largely  of  a  critical  kind,  and  that  certai      ^' 
at  least,  oif  the  views  presented  in  discussion  must  necessarily  1^^*^ 
opposed  to  those  presented  in  the  paper.     Perhaps  that  is  due  ^^  ^*- 
the  less  anumnt  of  thought  which  the  persons  hearing  the  pape-^"''* 
have  been  able  to  bestow  upon  the  subject.     But  it  is  invariabj^t-  'J 
so  with  great  reformers — they  have  always  met  with  a  verj-  coi^^^"' 
siderable  amount  of  opposition — from  Luther  down. 

If  I  understand  the  thought  of  the  paper,  it  is  that  the  nietho»- 
of  ad justment  of  regulation  proposed,  is  that  of  interposing  . 
variable  contact  in  the  circuit,  ])referably  enclosed  in  a  vacuui 
and  of  substituting  this  for  the  ordinary  determining  resistanct 
coils.     The  paper,  I  think,  does  not  state  in  terms  that  the  con 
tact  should  necessarily  be  vibratory.     On  page  438,  it  is  statecr^ 
that,  ''  The  regulation  of  intensity  of  the  incandescence  of  ai  :^ 
electric  filament  has  been  a  problem,  the  solution  of  whicli  liajr=^ 
been  somght  after  by  electricians  in  general  the  world  over,  ant? 
partial  success  has  been  attained  by  tlie  use  of  the  only  known, 
means,  'dead  resistance-."     The  author  has  apparently  forgotten 
the  alternative  of  shunts.     But  I  suppose  that  he  will  consider 
these  also  to  em]>lov  waste  of  energy.    Few  of  us,  Mr.  President, 
I  apprehend,  are  unaware  that  a  vibrating  contact  in  a  circuit  raises 
the  average  resibtance  of  such  circuit,  or  that  the  variations  of 
the  range  of  the  vibration  also  varies  that  average  resistance.    It 
may  also  be,  that  some  of  us  have  contemplated  an  industrial 
application  of  these  facts.     But  I  scarcely  think  that  any  of  \u 
would   have  thought  of  calling  them  an  "uninvestigated  branch 
of  electric  science.''     The  author  is  undoubtedly  correct  in  \\\^ 
view,  that  in   operating  such  an  appliance  in  connection  w^ith  an 
incandescent  lamp,  a  large  portion  of  the  result  achieved  is  due 
to  the  counter  e.  m.  f.  of  self-induction,  owing  to  the  alternate 
magnetization  and  demagnetization  of  the  electro-magnet.     If  I 
remember  rightly,  Poggendorf.  in  1855,  as  recorded  in  the  Philo- 
sophical Magazine,  made  some  experiments  with  induction  coils, 
in   which    the  circuit-breaking  points  of  one  coil  were  used  to 
control  the  magnetization  and  demagnetization  of  the  other,  and 
the  effects  at  that  early  period,  were  by  him  ascertained  to  l)e 
mainly  attributable  to  self-induction.     But  I  think  Mr.  Moore 
will  find,  if  he  pursues  the  subject,  that  at  leagt  some  portion  of 
it  is  proi)erly  attributable  to  the  real  resistance  of  the  vibrating 
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contact.  In  niy  special  branch  of  electric  work  we  lincl  that 
tliere  is  very  considerable  margin  indeed,  between  the  h)west 
and  the  highest  resistance  of  two  contacts  which  are  not  in  con- 
stant vibration,  when  they  are  set  into  vibration  by  the  human 
voice.  There  are,  however,  Mr.  President,  as  it  seems  to  me, 
two  very  cogent  reasons  which  tend  to  prevent  an  appliance 
from  going  into  use.  One  is,  that  tlie  appliance  is  not  known, — 
a  very  good  reason,  I  am  sure  you  will  agree  with  me;  and  the 
otlier  is,  that  it  is  not  wanted.  I  suppose  thai  there  are  also  two 
reasons  which  may  operate  to  prevent  a  known  thing  from  being 
wanted ;  one  is,  that  there  is  no  call  for  tlie  function  which  it 
subserves;  the  other  is  a  general  amount  of  distrust  as  to  the 
trustworthiness  of  its  operation.  It  is  perhiips  a  fac^t  that  in 
private  life  we  really  see  more  of  the  uses  of  incandescent  lamps, 
than  wo  do  in  the  study  of  electrical  applications,  and  I  think 
the  average  user  of  an  incandescent  lamp  is  perfectly  well  content 
either  to  have  it  turned  out,  or  turned  on  to  its  full  strength. 
Of  course,  the  theatrical  representations,  such  as  are  mentioned 
on  the  tirst  page  of  this  paper,  do  recpiire  different  degrees  of 
light,  and  it  hiis  occurred  to  me  that  in  preference  to  ])utting  an 
electro-magnet  and  a  vibratory  contact  in  each  lamp,  or  associa- 
ting one  with  each  lamp,  it  w«»uld  be  better  to  adopt  the  expedi- 
ent suggested  by  the  last  speaker,  and  have  a  certain  amount  of 
opacity  in  some  of  the  globes,  perhaps  making  the  globes  of  dif- 
ferent colors,  and  that  tliis,  together  with  the  ordinary  resistance 
contrivances,  would  be  more  likely  to  give  general  satisfaction 
and  be  more  economical  in  the  long  run,  than  would  the  expedi- 
ent suggested  by  the  ])aper. 

Now  if  we  come  to  the  absolute  merit  of  such  devices  as  are 
suggested,  I  call  upon  the  gentlemen  present  who  have  ever  been 
connected  with  the  telegraph  business,  to  bear  me  witness  that  a 
man  would  not  wish  a  worse  thing  to  happen  to  his  worst  enemy 
than  to  have  a  loose  contact  in  the  circuit  of  a  translating  device. 
Any  person  who  has  had  the  privilege  of  locating  a  swinging 
break  [laughter],  will  be  able  to  ap])reciate  the  danger  of  such  a 
perpetuated  loose  contact.  One  of  the  evils  of  such  a  thing  is,  that 
it  is  impossible  to  make  a  loose  contact  stable.  It  is  a  good  deal 
Mke  the  electro-magnetic  leaks  of  our  friend  Professor  Silvanus 
P.  Thompson,  by  which  he  hopes  to  achieve  telephonic  trans- 
mission through  the  long  ocean  cables.  I  have  been  acquainted 
with  certain  telegraphic  and  telephonic  lines,  in  which  permanent 
leaks  have  been  established  of  given  resistance  and  given  impe- 
dance. But  it  was  also  im])ossible  to  keep  them  just  so,  and  the 
resistance  and  impedance  of  such  leaks  would  grow  less  in  spite 
of  all  we  could  do.  It  is  another  illustration  of  that  pet  theory 
of  Professor  Oliver  Wendell  Holmes,  or  perhaps  it  was  Edward 
Everett  Hale — at  any  rate  it  was  a  Boston  man — who  believed 
in  the  total  depravity  of  inanimate  things.  Now  earth  leaks,  as 
we  all  know  who  have  ever  done  any  testing,  are  very  difficult 
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to  obtain  if  we  want  them.     If  any  one  goes  out  to  make  a  \e^^ 
on  a  line  and  has  to  hunt  for  aground,  it  is  a  difficult  thing  to  9J^^ 
one.     On  the  other  hand,  if  you  do  not  want  an  earth  leak,  yo^^ 
can  find  them  on  every  bush.     I  say  this  from  actual  practie^^» 
experience  that  there  is  no  going  back  on,  right  here  in  Ne^ 
York  City. 

There  is  one  otlier  thing  that  had  almost  escaped  my  attention. 
Telegraphers  know  how  unstable  is  an  instrument  depending  oi 
a  spnng  adjustment.     There  have  been  times  in  the  telegraphi< 
experience  of  this  country  when  an  operator  has  fought  for  cir- 
cuit perhaps  twenty-four  hours.     I  know  of  one  case  where  a 
operator  fought  with  the  clock  all  night  for  circuit.     But  thei 
have  been  many  times  when  there  has  been  no  clock  in  consider— - 
ation  at  all,  but  when  there  have  simply  been  weather  troubles^  - 
and  on  account  of  leakages  pretty  well  disseminated  over  th< 
circuit,  it  was  quite  possible  for  a  single  circuit  to  have  thi 
independent  messages  going  on,  one  at  each  end  and  one  in  thi 
middle.     That,  of  course,  was  only  possible  when  there  was 
battery  in  the  middle  of  the  line.     It  was  not  possible  to  keep^^ 
an  adjustment  five  minutes  in  twenty-four  hours.     I  rather  think 
that  such  an  adjustment  is  an  unstable  and  untrustworthy  thing- 
to  connect  with  translating  devices  that  we  have  to  work  with 
day  after  day. 

I  think  there  is  no  call  for  incandescent  lamps  that  will  turn 
low.  One  of  the  greatest  merits,  it  seems  to  me,  of  the  incan- 
descent lamp  is  that  it  is  a  particularly  simple  and  uncomplicated 
contrivance,  something  that  the  wayfaring  man,  even  though  a 
butclier  or  restaurant  keeper  can  unscrew  if  it  breaks,  and  screw 
another  one  on  without  any  trouble.  We  do  not  want  any  elec- 
trical appliance  which  is  provocative  of  profanity.  Some  little 
time  before  we  adjourned  for  the  summer  recess,  one  of  our  es- 
teemed members,  Mr.  Carl  Hering,  read  a  paper  which,  as  I 
remember  it,  indicated  that  lamps  were  kept  in  use  too  long 
anyhow;  that  it  was  desirable  that  lamps  should  be  discarded 
before  reaching  their  limit  of  life,  and  that  it  would  be  conducive 
to  economy  to  discard  them  at  some  prior  period,  (and  so  far  as 
I  could  see,  and  I  had  the  honor  of  being  in  the  chair  on  that 
occasion,  where  I  could  see  the  faces  of  all  the  members,)  that 

1)aper  met  with  a  marked  degree  of  approval.  Now  the  excel- 
ence,  as  I  have  said,  of  that  present  incandescent  lamp  is  its 
simplicity,  and  it  is  not  at  all  difficult  to  imagine  an  aged  and 
irascible  man  wrestling  witii  a  lamp  such  as  depicted  in  the 
paper,  but  slightly  out  of  adjustment,  until  the  lamp  reaches, 
what  Mr.  Carl  Hering  denominated  in  that  paper,  its  ^^  smashing 
point." 

Mr.  Edward  P.  Thompson  : — A  former  speaker  has  taken  sides 
partly  against  the  contents  of  the  paper.  I  would  like  to  try  to 
counterbalance  the  effect  by  a  few  brief  remarks.  I  followed  the 
paper  through,  and  the  tone  of  it  strikes  me  as  experimental  and 
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theoretical,  ratlier  than  relating  to  a  perfected  device.  The  gen- 
tleman who  just  spoke,  has  alluded  to  loose  contacts  and  the 
Tindesiralnlitv  of  the  same,  but  Mr.  Moore  proposes  to  overcome 
these  difficulties,  by  the  use  of  an  evacuated  space  around  the 
contacts.  Mr.  Moore  is,  I  think,  entitled  to  the  credit  of  propo- 
sing and  experimenting  upon  vibrating  contacts  in  a  vacuum, 
combined  with  means  for  varying  the  rate  of  vibration  for  pur- 
poses of  regulation.  As  to  the  practicability  of  his  devices,  no 
one  could  probably  foretell  at  this  stage. 

Vibrating  contacts  outside  of  an  evacuated  chamber,  produce 
an  unpleasant  though  faint  buzz,  which  should  be  largely  reduced 
in  the  absence  of  air.  Wasting  or  burning  away  of  the  contacts 
Bhould  also  be  diminished  in  a  vacuum.  By  having  the  contacts 
always  in  contact  in  a  vacuum,  and  arranged  to  vary  in  pressure 
upon  one  another,  (as  for  example,  by  the  use  of  carbon)  as  inti- 
mated by  the  author,  the  sparking  should  be  practically  nothing. 
His  proposition  for  thought  and  experiment  upon  making  a  regu- 
lator by  using  successive  and  intermittent  impulses,  so  rapid  as 
to  be  imperceptible,  and  means  for  regulating  the  rapidity  of 
succession  or  duration  of  impulses,  is  worthy  of  attention  and 
further  experiment,  especially  if  directed  to  the  application  of 
an  exhausted  bulb.  The  great  aim  should  be  to  discover  if  it 
is  possible  to  effect  the  reduction  of  the  current  to  zero  between 
the  impulses. 

Mb.  W.  J.  HA.M\fBR: — I  believe  there  is  a  very  large  field  for 
the  application  of  an  incandescent  lamp  that  can  be  turned  up 
and  down.  I  say  this,  after  looking  through  the  subject  pretty 
thoroughly.  I  would  like  to  call  attention  to  the  clause  which 
Mr.  Lockwood  referred  to,  on  page  438,  in  which  it  is  said  that 
**The  regulation  of  intensity  oi  incandescence  of  an  electric 
filament  has  been  a  problem,  the  solution  of  which  has  been 
sought  after  by  electricians  in  general  the  world  over,  and  partial 
success  has  been  attained  by  the  use  of  the  only  known  means 
'  dead  resistance.' "  I  do  not  see  any  reference  in  the  paper  to 
that  beautiful  little  device  invented  by  Eies,  and  known  as  the 
Ries  regulating  socket,  which  contains  a  reaction  coil  or  cho- 
king coil,  or  as  it  may  be  termed  a  transformer  with  one  winding 
— the  light  being  controlled  by  cutting  in  and  out  of  circuit  sec- 
tions of  the  coil,  and  thus  changing  the  ratio  between  the  im- 
pressed E.  M.  F.,  and  the  counter  e.  m.  y,  produced  by  an  alterna- 
ting current.  That  is  a  little  piece  of  apparatus  that  has  proven 
highly  efficient.  It  has  met  with  extensive  use.  In  this  con- 
nection I  might  say  that  shortly  after  Mr.  Moore  devised  this 
socket  I  had  the  pleasure  of  seeing  and  handling  it.  At  that 
time  it  was  in  its  simplest  form,  a  vibrator  in  connection  with 
a  socket,  and  I  tried  it  and  it  certainly  worked  very  well.  I 
told  Mr.  Moore  and  the  gentleman  associated  with  him  that  I  did 
not  believe  in  its  practicability,  for  the  very  reason  that  Mr. 
Cuttriss  mentioned,  that  it  would  oxidize  and  build  up   very 
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shortlv.     Hut  Mr.  Moore  .s])oke  then  of  usiii^  truch   things  a> 
Kliuuts  and  coiHlensers,  and  puttinji^  it  in  a  vacuum,  and  various 
other  ways   which    lie  cal!e<l  attention  to  in  this  paper,  and  L 
agreed  with  liini  tlien,  that  the  use  of  a  vacuum  arrangement: 
woidd    proi)ablY   he  the  most  eiticient,  if  it  could  he  done.     Her 
seems  to  have  a(*contplislied  it.     I  think  the  paper  shows  a  good 
deal  of  knowledi»;e  for  an  experimental  ]>a]>er,  and  from  the  littlo=^ 
I  saw  of  the  apparatus,  I  think  it  is  well  woithy  of  the  consider — 
ation  of  the  Inntititk,  and  if  he  succeeded  in  making  that  workr 
bv  emplovini>:  the  contacts  in  a  vacuum.  I  should  think  that  h(^- 
had  something  that  was  more  or  less  of  a  commercial  article— 
Certainlv  there  is  a  iarice  field  and  a  considerable  demand  for  ait 
incandescent  lamp  that  wMIl  reguhite.     If  1  was  standing  on  tlitr^- 
platform  tjiere  and  rea<ling  a  ])aj)er,  I  would  l)e  verv  apt  to  wish 
to  turn   that  electric  lamp  up  a  little  higher.     Mr.  h<x*.kwo<Kl 
speaks  of  the '* smashing  point '' of  an  incandescent  lamp  with 
such  a  reguhiting  device  in  a  humorous  way.     I  presume,  his  ex- 
perience with  the  average  telephone  has  suggested  such  a  con- 
tingency. 

Mr.  Y,  I>.  Dki.anv: — I  simply  wish  to  state,  Mr.  President, 
that  1  have  ha<l  some  little  experience  with  automatic  vibrators 
in  the  tield  of  telegraphy,  and  therefore  can  testify  as  to  the 
stability  of  even  open  contnct^,  and  their  wonderful  reliability. 
I  was  very  much  interested  in  Mr.  Moore's  paper  to  know  what 
the  effect  was  in  putting  an  automatic  vibrator  in  a  vacuum.  I 
had  always  conceived  the  i<lea  that  such  a  vibrator  would  Ikj 
much  more  reliable  an<l  steady  than  when  exposed  to  the  air,  not 
only  on  account  of  the  sparking  at  the  point  of  contact,  but  of 
the  air  <lis])lacement.  Mr.  Lock  wood,  referring  to  the  experi- 
ence of  telegraphers,  very  properly  describes  the  annoyance  of 
loose  contacts,  but  surely  he  knows  as  well  as  anybody  that  all 
automatic  vibrators  (le])end  for  uniformity  of  vibration  upon  the 
contact  that  is  made  between  the  contact  finger  and  the  vibrating 
reed.  In  regard  to  af)paratus  that  may  be  controlled  by  such 
vibrators,  it  is  probably  well  known  that  the  foundation  of  the 
system  of  harmonic  telegra]>hs,  such  as  Dr.  Gray  has  invented, 
depends  upon  the  uniformity  of  pitch  of  different  automatic 
vibrators,  which  enable  him  to  work  four,  five  or  six  circuits. 
i[y  owni  experience  covers  a  branch  of  telegraphy,  wherein 
it  was  still  more  necessary  than  in  the  (xray  system,  prolmbly, 
that  we  .should  have  an  absolutely  uniform  rate  of  vibration.  In 
the  synchronous  multiplex  system,  automatic  vibrators  are  used, 
and  the  contacts  are  exposed  to  the  air,  and  all  the  disadvantage^^ 
arising  from  change  of  temperature,  and  what  is  still  more  detri- 
mental, change  of  humidity  or  moisture  in  the  atmosphere  sur- 
rounding the  contact  ])oint8.  And  still  with  the  apparatus  open 
to  all  these  detrimental  effects  the  distributer  mechanism,  con- 
trolled by  these  automatic  vibrations,  is  rotated,  with  the  aid  of 
correcting   impulses,    without  a  variation   of  speed   of   a  five- 
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hundredth  part  of  a  second  from  morning  till  niirht.  The  system 
is  in  use  all  over  England,  and  rec[nires  no  particular  attention, 
and  yields  four  or  six  distinct  circuits,  according  to  the  lengtli  of 
the  wire.  Therefore,  I  am  very  much  j>leased  to  hope  that  with 
an  automatic  vihmtor  in  a  vacuum  a  still  more  reliable  rate  of 
vibration  may  be  obtained.  I  have  always  thought  it  might  be 
8o,  and  I  think  that  perhaps  aside  from  the  electric  lighting 
featur«.*s,  referred  to  in  this  very  interesting  paper,  there  may  be 
other  uses  found  for  the  utilization  of  this  gentleman's  device. 

Mk.  Mooke: — Owing  to  the  great  length  (►f  a  portion  of  the 
discussion,  I  shall  be  unable  to  answer  it  in  detail,  but  in  reply 
t<^>  Mr.  Hammer's  remarks  I  won  hi  say,  that  1  too  have  often  ad- 
mired the  beautiful  method  of  controlling  tiie  alternating  current 
that  is  now  on  the  market.  Tint  the  device  uiuJer  consideration, 
can  ])e  applied  with  ecpial  facility  both  to  the  alternating  and 
direct  currents,  and  is  a  much  simpler  device. 

With. reference  to  what  has  been  said  on  telegraphy,  I  merely 
oifered  that  a>  a  suggestion,  having  in  view  the  principle  of 
harmonic  telegrai)hy. 

Mk.  CuAs.  P.  Stkinmktz: — I  have  listened  with  a  great  deal 
of  interest  to  this  ingenious  paper.  I  must  sjiy,  however,  that 
after  reading  the  title,  ''  A  New  Method  for  the  Control  of  Elec- 
tric Energy"  and  the  introduction  of  the  paper,  I  was  somewhat 
disappointed  when  I  came  to  the  substance  of  it.  and  found  that 
it  dealt  with  nothing  else  but  a  circuit  breaker  acting  in  a  vacuum. 
Looking  more  closely  into  it,  however,  there  are  certainly  some 
interesting  and  novel  features  in  putting  the  circuit-breaker 
(which  we  know  from  experience,  does  not  work  under  ordinary 
conditions)  in  a  vacuum,  and  so  making  it  a  reliable  piece  of  ap- 
paratus. In  this  way  T  believe  the  paper  oifers  us  a  new  and 
mteresting  idea,  but  I  do  not  think  it  should  be  called  '^  A  New 
Method  for  the  Control  of  Electric  Energy." 

This  interrupter  will,  undoubtedly,  work  very  well  in  incan- 
descent lighting,  where  small  currents  are  used  in  non  inductive 
circuits,  but  in  motor  or  other  work  where  large  currents  and  in- 
ductive circuits  have  to  be  dealt  with,  I  do  not  think  an  inter- 
rupter can  work,  because  it  will  not  break  the  circuit,  but  the 
current  will  continue  to  How  and  cross  the  gap  as  an  arc.  In  an 
inductive  circuit,  the  How  of  current  establishes  a  magnetic  field, 
which  represents  a  certain  amount  of  stored  energy,  a  few  foot 
pounds,  perhaps,  or  many  thousands  of  foot  pounds  in  large 
dynamo  fields,  and  before  the  current  can  be  broken,  this  poten- 
tial energy  has  to  be  expended,  and  it  is  expended  in  an  arc 
across  the  points  of  interruption,  or  if  by  main  force  you  stop  the 
current  suddenly,  then  the  energy  is  expended  by  striking  through 
the  insidation.  You  all  know  from  experience  with  the  Ruhm- 
korff  coil  and  the  quicksilver  interrupter,  that  you  can  make  anv 
coil  strike  through  the  insulation  by  replacing  the  alcohol  whicli 
covers  the  quicKsilver  of  the  interrupter  with  a  very  well  insu- 
lating oil,  so  breaking  the  current  quickly. 
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In  incandescent  lighting,  however,  the  method  will  work  very 
well  and  avoid  unnecessary  waste  of  energy,  and  may  as  a  dim- 
mer of  incandescent  lights  find  a  large  field  of  useful  application. 

Mr.  Gano  S.  Duxn: — One  of  the  speakers  mentioned  that  in 
regulating  the  incandescent  lamp,  he  did  not  know  how  much  of 
its  diminished  candle  power  was  due  to  the  ohmic  resistance  of 
the  contact,  and  how  much  was  due  to  the  interruption  of  circuit, 
by  the  vibration.  The  value  of  the  device  depends  on  this  point. 
In  a  lamp  where  the  total  energy  is  small,  it  would  be  difficult  to 
determine;  but  I  would  like  to  carry  the  discussion  into  the 
domain  of  motor  control,  where  the  amount  of  energy  is  large. 
Taking  this  device  as  the  counterpart  of  the  choking  coil,  what 
is  its  efficiency  as  a  controller?  Mr.  Moore  mentions  that  con- 
trollers for  motors  produce  heat,  which  is  a  waste  of  energy,  and 
objectionable  for  insurance  reasons.  If  his  device  is  substituted 
for  the  ordinary  rheostat,  how  much  energy  will  be  saved,  or  how 
much  less  heat  will  be  produced,  for  the  same  amount  of  regula- 
tion ?  I  would  also  ask,  what  is  the  largest  amount  of  power  he 
has  ever  controlled. 

Mr.  Moore  : — I  would  state  that,  of  course,  this  system  has  not 
been  put  into  commercial  operation  as  yet,  and  that  the  paper 
before  the  Institute,  is  largely  a  series  of  suggestions  as  to  the 
advantages  that  may  be  gained  by  such  a  system.  If  we  consider, 
for  example,  the  case  of  lamps  individually  regulated,  it  is  cer- 
tainly theoretically  very  efficient.  The  vibrating  contacts  are 
less  than  .01  of  a  sq.  inch  in  area. 

When  the  degree  of  incandescence  of  the  filament  is  brought 
60  low  that  it  is  not  descernible  to  the  eye,  it  indicates  that  there 
is  the  equivalent  of  l,nOO  or  l,5iM)  ohms  resistance  in  circuit, 
while  the  measured  resistance  of  the  magnet  was  .4  of  an  ohm, 
80  that  by  properly  constructing  a  device  which  has  only  .4  of  an 
ohm  resistance  in  itself,  you  can  get  a  resistance  of  1,500  ohms. 

Mr.  Dunn: — The  point  I  wanted  to  get  at  was,  how  hot  does 
the  controller  get,  when  it  reduces  the  current  in  the  lamp  to  say, 
one  half? 

Mr.  Moore  : — The  device,  when  in  operation,  acquires  a  tem- 
perature equal  to  that  of  an  ordinary  incandescent  lamp,  and 
therefore  the  question  of  heating  is  not  vital. 

Mr.  a.  E.  Kennelly  : — The  title  of  this  paper  is  certainly 
wide,  but  the  contents  are  narrowed  down  to  a  particular  appli- 
cation of  electric  energy.  It  is  suggested  that  motors  can  be 
controlled  in  this  way.  But  there  is  no  evidence  before  us  that 
they  can  be  effectively  so  controlled,  and  the  difliculties  in  the 
way,  as  pointed  out,  are  very  great,  owing  to  the  large  spark  that 
will  certainly  take  place,  and  the  conse(pient  danger  of  burning  up 
the  vibrator.  There  is,  however,  a  large  field  for  such  a  device 
when  controlling  small  currents  where  the  spark  is  not  so  dan- 
gerous, and  no  doubt,  there  is  considerable  practical  advantage  to 
be  gained  by  turning  a  lamj)  low.     We  who  use  incandescent 
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lamps  much,  do  not  notice  this  need,  because  we  have  accustomed 
ourselves  to  dispense  with  the  capability,  but  persons  who  have 
not  been  so  accustomed,  do  notice  it  There  are  two  aspects 
under  which  this  device  may  be  examined.  One  is  as  an  energy- 
saving  device,  and  the  other  as  a  convenience-giving  device.  If 
it  is  intended  to  employ  it  in  a  lamp  on  a  20()-volt  circuit,  and  limit 
with  this  device  the  amount  of  current  which  the  lamp  sliall  re- 
ceive, so  that  it  shall  give  sixteen  candle-power  and  no  more,  that 
is  one  way  of  regarding  the  question.  Or  if  you  take  a  100  volt 
lamp  on  a  lOJ  volt  circuit  and  simply  desire  to  turn  that  lamp 
low  and  obtain  a  reduced  efficiency  with  the  lamp  in  process,  that 
is  another  way  of  looking  at  it.  It  is  needless  to  say  that  the  first 
method  is  certainly  very  advantageous,  but  very  dangerous,  be- 
cause if  the  vibrator  once  fails,  the  lamp  will  be  destroyed.  The 
method  particularly  defined  here  is  dimminji^a  lamp.  From  some 
experiments  with  vibrating  contacts  of  this  description,  I  take 
it  that  the  function  of  a  vibrating  contact  of  this  kind  is  only  in  a 
minor  degree  in  the  resistance  of  the  contact,  as  you  would 
measure  it  when  metal  touches  metal.  Far  the  greater  advantage 
lies  in  the  time  executed  in  free  space  by  the  spring,  when  out 
of  contact  with  the  point.  It  is  obvious,  that  if  you  give  a  spring 
an  amplitude  of  .1  of  an  inch,  it  cannot  remain  in  communi- 
cation with  its  contact  point  for  more  than  a  fraction  of  its  period 
and  only  during  that  fraction  can  the  voltage  be  maintained  upon 
the  lamp.  It  is  for  that  very  reasoji  that  the  figures  on  page  441 
give  us  no  reasonable  idea  as  to  the  relative  amount  of  energy 
developed  in  the  contaot  breaker  or  in  the  lamp.  For  example, 
take  the  last  reading,  .02  of  an  ampere  and  five  volts  on  the  volt- 
meter across  the  lamp.  One  might  suppose  from  that  at  first 
sight,  that  the  energy  in  the  lamp  was  .1  of  a  watt  and  there 
was  an  energy  of  105  volts,  multiplied  by  .02  amperes  or  2.1 
watts  in  the  contact  breaker.  That  would  be  altogether,  of 
course,  incorrect.  In  the  case  of  pulsating  currents  of  this  kind 
we  can  no  longer  rely  on  the  ordinary  multiplication  of  amperes 
and  volts,  because  just  at  the  time  the  current  is  active,  the  elec- 
tromotive force  is  not  active.  All  we  can  ascertain  from  these 
measurements  is,  that  energy  to  the  amount  of  the  product  of 
full  supply  pressure,  and  mean  observed  current  is  expended  in 
the  lamp  and  vibrator  together.  Now  assuming  that  the  value 
of  this  particular  device  is  contained,  for  the  present  at  least,  in 
the  dimming  of  the  lamp,  and  its  convenience  to  the  public  on 
that  account,  what  we  really  want  to  know  is,  how  long  will  it 
last.  Can  Mr.  Moore  tell  us  how  long  a  vibrator,  operated  in  this 
way,  will  keep  at  work?  Will  a  vibrator  last  such  a  number  of 
hours  on  trial  as  to  justify  the  expectation,  that  the  vibration  will 
last  the  lifetime  of  a  lamp?  If  there  is  anything  in  the  paper 
that  it  is  <lesirable  to  know  it  is  that,  and  I  have  looked  in  vain 
for  it  in  the  paper.  Probably  the  convenience  of  such  an  attach- 
ment would  be  very  considerable  if  dimming  could  be  effectually 
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gained,  the  only  disadvantage  being,  that  if  anytliing  goes  wrong 
witli  tlie  contact,  yon  cannot  get  at  it.  It  is  in  the  vacuum. 
Jhit  let  us  hope  that  Mr.  Moore  has  some  knowledge  tliat  will 
enable  him  to  give  ns  information  as  to  how  long  we  may  expect 
that  contact  to  last. 

ilic.  Moork: — In  accordance  with  the  ex])eriments  that  I  have 
made,  although  I  have  been  severely  handicapped  in  this  direc- 
tion, the  contacts  have  not  shown  appreciable  wear.  I  have  not 
made  continuous  runs  of  r)OU  or  80o  hours.  But  I  have  placed 
the  controller  in  circuit  a  dav  at  a  time,  and  three  or  four  davs 
in  succession,  but  no  change  of  any  consecjuence  occurred.  It  is 
a  matter  of  great  interest  as  to  what  further  investigations  will 
develop.  As  stated,  the  paper  was  written  in  the  hope  that  it 
will  cause  further  investigations  to  be  made  in  this  line,  which 
evidently,  acconling  to  good  authority,  has  not  been  investigated, 
and  is  an  unexplored  field  of  great  proportions, — the  exploration 
of  which  may  be  richly  rewarded. 

TuK  Pkesioknt:—!  should  think  a  difficulty  would  arise  in  the 
actual  working  of  Fig.  3,  on  p.  441,  where  the  vacuum  of  a  lamj) 
is  utilized  for  the  vacuum  of  the  contacts.  Here,  as  1  understand, 
a  contact  screw  ])asses  through  the  chamber  into  the  vjumum. 
From  mv  experience  with  vacua,  I  should  think  you  w<mld  find 
it  ditHcult  to  obtain  a  working  vacuum  with  anything  movable 
entering  into  it.     It  might  be  done,  though  1  (piestion  it. 

Mu.  Mooke: — Allow  me  to  explain,  Mr.  President.  The 
armature  and  contact  only,  are  in  the  vacuum.  The  illustration 
is  rather  indistinct :  but  bv  carefullv  exam  in  in  ti:  the  same  it  will  he 
noticed  that  the  magnet  is  not  within  the  vacuum,  and  therefore 
the  regulating  screw  does  not  center  the  vacuum. 

Dk.  William  E.  (teykk  : — 1  think  the  paper  in  using  the  phi*ase 
'^  varying-in-pressurc  contacts,''  implies  that  the  regulation  is  in 
large  part  effected  by  a  <'hangc  in  resistance,  self-induction  also 
coming  in,  and  some  of  the  gentlemen  who  have  discussed 
the  paper  have  assumed  that  it  is  largelv  a  (piestion  of  resistance. 
I  thinlv  that  is  a  mistake.  As  I  uncWrstand  it,  this  apparatus 
works  not  so  much  bv  anv  chant^e  in  resistance  or  bv  self-indue- 
tion  coming  in,  as  by  the  relative  time  that  the  contacts  take  place. 
Take  for  instance  Fig.  2.  The  screw  a  is  far  to  the  left,  so  that 
thki  vibrating  ])ortion,  n,  strikes  it  only  at  the  extreme  end  of  its 
excursion.  The  contact  is  very  short,  and  the  current  is  on  the 
lamp  for  just  a  moment.  If  the  screw  is  turned  further  up,  the 
current  will  last  a  longer  time.  The  pressure  will  not  be  notably 
greater,  and  the  current  is  on  the  lamp  longer.  When  finally 
the  screw  is  turned  up  very  far,  the  contact  will  last  for  a  con- 
siderable ])ortion  of  the  time  of  vibration,  and  the  current  is  on 
longer  still,  and  has  a  chance  to  heat  the  filament  up.  Of 
course,  the  time  comes  when  the  contact  is  continuous,  and  then 
the  current  has  its  full  oj)portunity  to  heat  up  the  filament.  The 
rate  of  vibration,  as  I  imderstand,  would  make  no  very  particular 
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iliiference,  because  it  is  only  tlie  relative  time  of  contact  wliieli 
counts.  If  the  vibrations  are  twice  as  fast,  there  will  be  twice  as 
many  contacts.  The  onlv  thin<^  countinn:  is  the  relative  time  of 
contact. 

The  Prksidknt  : — I  see  a  distintruished  honorary  member 
here.  I  would  like  to  ask  ilr.  Preece  to  take  a  seat  on  the 
])latform. 

Gentlemen,  you  see  there  was  wisdom  in  my  havin«jj  Mr. 
Moore's  paper  come  in  the  beginning,  for  I  felt  quite  sure  that  it 
would  cause  considerable  discussion,  which  it  has  done,  and  I 
wanted  to  ensure  full  time  for  such  discussion. 

I  will  now  give  you  a  brief  inaugural  on  the  International 
Electrical  Congress  and  World's  Fair  of  18l>*). 


Inaugural  address  of  the  President  at  the  Seventy- 
ninth  Meeting  of  the  American  Institute  of 
Electrical  Engineers^    New    York^    September 


THE  INTERNATIONAL  ELECTRICAL  CONGRESS 

AND 

WORLD'S  FAIR,  OF  1893. 


BY    EDWIN   J.    HOUSTON. 


Gentlemen  : — During  the  past  few  months  a  mighty  human 
stream,  daily  increasing  in  volume,  has  continually  flowed  towards 
a  single  centre  of  population  in  the  North  American  continent. 
This  stream,  fed  from  all  parts  of  the  earth,  is  formed  by  the 
many  millions  who  are  journeying  toward  the  World's  Fair,  to 
do  honor  to  those  four  hundred  years'  growth  of  the  greatest 
Republic  the  world  has  ever  seen. 

Many  of  us  have  but  recently  left  this  mighty  stream.  Like 
others  we  visited  Chicago  to  become  eye-witnesses  of  the  nation's 
growth.  l?ut  not  for  this  alone ;  {)erliaps  the  principal  incentive 
to  most  of  us  has  been  a  desire  tc»  take  part  in  the  iTitemational 
Elect)*ical  Congress  of  1893,  not  only  because  we  are  especially 
interested  in  the  progress  of  electrical  science,  but  also  because 
we  are  mem]>er8  of  the  Amkkican  Institute  of  Electrical 
Engineers,  with  whom  the  first  conception  of  this  Electrical 
Congress  originated. 

It  has  occured  to  me  that  in  a  brief  inaugural  address  to  the 
Institute,  I  could  not  select  a  better  topic  than  the  International 
Electrical  Congress  and  World's  Fair  of  1898.  I  will,  therefore, 
give  you  a  few  thoughts  on  this  subject. 

As  in  our  journey  we  crossed  the  mighty  continent,  we  saw  on 
every  side  evidences  of  its  vast  mineral  and  agricnltural  wealth. 
As  we  passed  through  its  populous  cities  and  at  last  reached 
Chicago  we  wandered  through  its  streets  and  examined  with  ad- 
miration the  long  rows  of  stately  buildings.     In  all  these  things- 
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•re  rejoiced  at  the  growth  of  a  nation  that  has  achieved  so  much 
in  80  short  a  time.  But  was  it  not  in  that  extra-mural,  younger, 
but  potentially  greater  Chicago,  yclep'd  "  The  Great  White  City^"' 
that  we  were  most  impressed  ?  Its  grandly  proportioned  build- 
ings that  arose  as  if  by  magic  would  have  rendered  a  distant 
journey  profitable,  as  a  mere  architectural  display  But  when  we 
crossed  their  portals  and  examined  the  rich  exhibits,  collected 
from  all  parts  of  the  world,  we  rejoiced  in  these  proofs  both  of 
the  nation*8  and  of  the  world's  progress. 

But  the  growth  of  the  American  Republic  during  the  four 
hundred  years  that  have  passed  since  its  discovery  by  the  Genoese 
Navigator,  marvellous  as  it  has  been,  is  less  astonishing  to  us  as 
electricians  than  the  extraordinary  development  in  that  vigorous 
science,  electricity,  to  which  many  of  us  have  devoted  the  en- 
ergies of  our  lives.  Contrasting  the  World's  Fair  of  Chicago,  of 
1893,  which  embraces  exhibits  in  all  departments  of  man's  skill 
and  industry,  with  the  Philadelphia  International  Exhibition,  of 
1884,  which,  as  you  remember,  was  devoted  wholly  to  electricity, 
I  think  you  will  agree  with  me  that  we  have  ample  reason  to 
rejoice  at  the  progress  made  in  the  electrical  field  during  the 
past  nine  years. 

I  have  no  sympathy  with  the  unthinking  critic  who  expresses 
disappointment  with  what  he  chooses  to  style  the  meagerness  of 
the  electrical  display  of  the  Chicago  Exhibition.  He  probably 
estimates  the  value  of  an  exhibit  by  the  number  of  square  feet  of 
floor  space  it  covers,  rather  than  by  its  inherent  possibilities. 
To  my  mind  many  exhibits  whose  actual  demand  for  floor  space 
are  limited  to  less  than  one  hundred  square  feet,  would,  were 
they  estimated  from  the  standpoint  of  their  true  value,  demand 
more  than  the  entire  area  of  the  exhibition  grounds  for  their 
display. 

Such  critics  fail  to  appreciate  the  fact  that  not  in  the  Elec- 
tricity Building  alone,  but  throughout  the  entire  exhibition  as 
well,  there  is  to  be  seen  a  grand  display  of  the  wonder  working 
force  of  electricity.  Almost  countless  arc  and  incandescent  lights 
turn  night  into  day,  both  in  the  buildings  and  over  the  extended 
ireas  outside  them.  Pow^erf  ul  search  lights  flash  their  bright 
beams  far  and  wide  beyond  the  gates  of  *'  The  White  City." 
Electric  launches  on  the  lagoons,  and  electric  cars  on  the  Intra- 
mural Railway  show  by  actual  practice  the  power  electricity  pos- 
sesses in  systems  of  transportation.     Systems  of  telegraphic  and 
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telephonic  communication  vie  with  ^ygtems  of  time  transmittion, 
annunciator,  fire,  burglar  and  temperature  alarms,  both  in  Elec- 
tricity Building  and  elsewhere,  not  only  as  exhibits  pure  and 
simple,  but  also  in  that  shape  which  we,  as  practical  men,  go 
delight  to  see  as  representing  the  highest  type  of  scientific 
achievement;  viz.,  in  every  day  practice. 

I  think  no  one  will  question  the  completeness  of  the  electric 
motor  exhibit.  Both  in  Electricity  Building  and  elsewhere,  elec- 
trie  motors  in  many  forms  are  to  be  seen  performing  work, 
varying  in  amount  from  that  required  to  move  the  most  delicate 
machinery,  to  that  capable  of  driving  a  full  size  locomotive. 
Nor  is  the  exhibit  of  dynamos  incomplete.  An  excellent  display 
is  made  in  Electricity  Building,  while  a  fair  proportion  of  the 
entire  floor  space  of  the  Palace  of  Mechanic  Arts  is  occupied  by 
working  dynamos,  not  so  much  as  an  exhibition,  as  a  great 
central  lighting  station  established  for  the  illumination  of  the 
buildings  and  grounds. 

Perhaps  the  most  striking  proof  of  the  advance  that  has  beet^ 
made  in  electricity  since  the  time  of  the  International  Electrical 
Exhibition  of  1884  in  Philadelphia,  a  period  less  than 
single  decade,  is  that  many  of  the  achievements  of  electricity^ 
have  proved  such  boons  to  the  world,  and  have  so  thoroughly^ 
come  into  every  day  use  that  they  hare  ceased  to  be  I'egarded  as 
wonders.  It  therefore,  no  more  enters  into  the  minds  of  those 
who  are  operating  electrical  apparatus  embodying  such  achieve- 
ments, that  they  form  proper  objects  for  exhibition,  than  it 
would  for  them  to  exhibit  any  other  universally  good  thing,  such 
as  sunshine,  air  or  water. 

Even  we,  who  know  better,  are  apt  to  follow  the  lead  of  tlie 
unreflecting  and  are  often  too  ready  to  relegate  some  nine-days 
wonder  of  electricity  to  the  domain  of  the  common  and  prosaic. 
We  speak  through  a  conducting  wire,  and  the  world  wonders 
that  the  potentiality  of  the  intricate  waves  of  articulate  speech 
can  be  so  transmitted.  We  examine  the  mechanism  of  the 
apparatus,  understand  its  operation  and  promptly  cease  to  wonder, 
since  we  see  that  such  mechanism  must  be  operative.  We  extend 
the  distance  through  which  we  can  thus  carry  on  intelligible 
speech,  until  it  reaches  to  over  a  thousand  miles.  Again  a  nine- 
days  wonder,  and  the  world  freely  gives  its  plaudits  to  the  brainy 
men  who  have  contributed  to  this  success ;  but  in  a  short  time 
even  this  achievement  is  tacitly   relegated  to  the  ordinary  and 
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the  common,  and  it  therefore  ceases  to  be  regarded  as  a  thing 
worthy  of  special  exhibition. 

When,  through  the  courtesy  of  the  American  Bell  Telephone 
Company,  1  was  permitted,  as  were  doubtless  many  of  you,  to 
carry  on  an  extended  conversation  between  Chicago  and  New 
York,  or  even  between  Chicago  and  Boston,  by  the  long-distance 
telephone,  the  apparatus  must  have  seemed  to  you,  as  it  did  to 
me,  a  great  achievement,  and  one  which  particularly  accentuated 
the  wonderful  recent  growth  of  electrical  science. 

But  these  inventions  do  not  stand  alone.  There  are  many 
others.  Take,  for  example,  the  telautograph,  of  Gray;  the 
radiophone,  of  Bell ;  the  Cuttriss  syphon-recorder,  of  the  Com- 
mercial Cable  Company,  the  practical  welding  process  of  Elihu 
Thomson  ;  or  consider  some  of  the  many  brilliant  discoveries 
which  Tesla  gave  to  the  world  but  a  few  years  ago,  but  which 
are  even  now  almost  regarded  as  old ;  or  consider  some  of  the 
possibilities  at  which  the  same  investigator  hinted  in  his  recent 
lecture  in  Chicago  on  mechanical  and  electrical  oscillators ;  or 
look  at  the  almost  innumerable  improvements  in  the  details  of 
apparatus,  or  of  systems  of  distribution,  little  things  in  them- 
selves, but  such  little  things  as  determine  the  difference  between 
success  and  failure;  or  consider  the  thousand  and  one  other 
novelties  with  which  you  are  acquainted,  and  which  doubtless 
called  from  you  much  admiration  for  the  ability  of  their  in- 
genious inventors. 

But  I  will  go  no  further  in  this  direction.  I  will  content 
myself  to  submit  to  your  judgment,  being  sure  of  a  favorable 
verdict,  the  correctness  of  the  belief  above  expressed,  that  elec- 
trical science  has  made  wonderful  progress  since  1884,  and  that 
such  progress  has  not  failed  to  receive  proper  and  extended  ex- 
hibition at  the  World's  Fair  in  Chicago  in  1893. 

The  Chicago  Exhibition  still  exists.  It  may  yet  be  visited  and 
compelled  still  further  to  yield  its  intellectual  benefits. 

But  the  Chicago  International  Electrical  Congress  of  1893  has 
come  and  gone.  That  it  has  accomplished  much  lasting  good,  I 
think  there  can  be  no  reasonable  doubt.  That  it  might  have  ac- 
complished more  under  a  more  liberal  leading  there  can,  I  think, 
be  equally  no  doubt.  But,  taking  all  in  all,  I  feel  that  the  elec- 
trical fraternity  throughout  the  world  are  to  be  sincerely  congratu- 
lated on  the  results  of  its  work. 

I  shall  not  speak  of  the  excellent  papers  read  before  the  differ- 
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ent  sections  of  the  Congress.  You  are  as  well  acqnainteci  with 
them  as  T  am.  I  may,  however,  state  in  this  connection  that  out 
of  some  thirty  of  these  papers  no  less  than  fifteen  were  by  mem- 
bers of  the  American  Institute  of  Electrical  Engineers,  and 
that  out  of  seventeen  American  papers  no  less  than  fourteen 
were  by  members  of  the  Institute.  This,  I  think,  is  a  record 
for  which  I  may  be  permitted  officially  to  congratulate  you. 

The  work  of  the  Chamber  of  Delegates  was  especially  of  a 
satisfactory  character.  Though  the  good  work  might  have  been 
profitably  extended  to  a  number  of  additional  topics,  such,  for 
example,  as  a  more  definite  discussion  of  the  magnetic  units,  and 
an  adoption  of  practical  units  of  light  and  of  illumination,  and 
to  some  definite  action  on  a  uniform  system  of  general  notation, 
yet  I  think  you  will  agree  with  me  that  the  work  actually 
accomplished  has  been  of  a  very  valuable  character. 

Through  the  courtesy  of  Prof.  Edward  L.  Nichols,  the  oflScii* 
secretary  of  the  Chamber  of  Delegates,  I  am  permitted  to  presen 
to  you  the  following  official  re])ort  of  the  work  accomplished  bjT""^ 
the  Chamber  of  Delegates. 

EEPOKT   OF  THE  CHAMBER  OF  DELEGATES  AND 
CLOSING  MEETING  OF  THE  CONGRESS. 

The  Congress  was  brought  to  a  close  by  a  general  meetingof 
all  the  sections  in  Colunibus  Hall,  at  the  Art  Institute.  Dr. 
Elisha  Gray  presided,  and  the  official  delegates  occupied  the  plat- 
form. Prof.  Edward  L.  Nichols,  Secretary  of  the  Chamber  of 
Delegates,  then  read  the  report  of  that  body  containing  the 
following  recommendations : 

Resolved^  That  the  several  governments  represented  by  the 
delegates  of  this  International  Congress  of  Electricians  be,  and 
they  are  hereby  recommended  to  formally  adopt  as  legal  units  of 
electrical  measure  the  following: 

As  a  Unit  of  Resistance,  the  International  Ohm,  which  is  based 
upon  the  ohm  equal  to  10^  unit*^  of  resistance  of  the  c.  o.  s.  sys- 
tem of  electromagnetic  units,  and  is  represented  by  the  resistance 
offered  to  an  unvarying  electric  current  by  a  column  of  mercnry 
at  the  temperature  of  melting  ice,  14.4521  grammes  in  mass,  of  a 
constant  cross-sectional  area  and  of  the  length  of  106.3  centi- 
metres. 

As  a  Unit  of  Current,  the  International  Ampere,  which  is  one- 
tenth  of  the  unit  of  current  of  the  c.  o.  s.  svstem  of  electro- 
magnetic units,  and  which  is  represented  sumciently  well  for 
practical  use  by  the  unvarying  current  which  when  passed  through 
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a  solution  of  nitrate  of  silver  in  water  and  in  accordance  with  the 
accompanying  specification  deposits  silver  at  the  rate  of  0.001 118 
grammes  per  second. 

As  a  Unit  of  e.  m.  f.,  the  International  Volt,  which  is  the  e.  m.  f. 
that,  steadily  applied  to  a  conductor  whose  resistance  is  one  in- 
ternational ohm,  will  produce  a  current  of  one  iaternational 
ampere,  and  which  is  represented  sufficiently  well  for  practical 
use  by  \m  of  the  e.  m.  f.  between  the  poles  or  electrodes  of  the 
voltaic  cell  known  as  Clark's  cell,  at  a  temperature  of  16°  C,  and 
prepared  in  the  manner  described  in  the  accompanying  specifica- 
tion. 

As  the  Unit  of  Quantity,  the  International  Coulomb,  which  is 
the  quantity  of  electricity  transferred  by  a  current  of  one  inter- 
national ampere  in  one  second. 

As  the  Unit  of  Capacity,  the  International  Farad,  which  is  the 
capacity  of  a  conductor  charged  to  a  potential  of  one  international 
Tolt  by  one  international  coulomb  oi  electricity. 

As  the  Unit  of  Work,  the  Joule,  which  is  10'  units  of  work  in 
the  c.  G.  s.  system  and  which  is  represented  sufliciently  well  for 
practical  use  by  the  energy  expended  in  one  second  by  an  inter- 
national ampere  in  an  international  ohm. 

As  the  Unit  of  Power,  the  International  Watt,  which  is  equal 
to  10"  units  of  power  in  the  c.  a.  s  system,  and  which  is  repre- 
sented sufficiently  well  for  practical  use  by  the  work  done  at  the 
rate  of  one  Joule  per  second. 

As  the  Unit  of  Induction,  the  Henry,  which  is  the  induction  in 
the  circuit  when  the  e.  m.  f.  induced  in  this  circuit  is  one  inter- 
national volt,  while  the  inducing  current  varies  at  the  rate  of  one 
international  ampere  per  second. 

The  Secretary  also  read  the  following  report  of  the  committee 
appointed  to  consider  the  standard  of  light : 

They  have  had  much  discussion  upon  the  various  forms 
suggested  for  practical  standards,  and  in  particular  upon  the  two 
special  forms  of  lamps  known  as  the  arayl-acetate  lamp  of 
von  Hefner- Alteneck  and  the  pentane  lamp  of  Vernon  ilar- 
court.  The  only  practical  lamp  actually  presented  to  the  com- 
mittee is  the  new  von  Hefner  lamp  which,  although  it  has  been 
laboriously  tested,  at  the  Reichsanstalt  and  reported  accurate  to 
within  two  per  cent.,  has  not  received  any  extended  trial  in  other 
lands.  On  trie  other  hand  it  was  reported  that  the  pentane  lamp  in 
its  recent  improved  form  was  preferred  in  England  for  the  photo- 
metry of  gas  lights.  There  is  the  objection  to  the  pentane  lamp, 
that  the  composition  of  the  commercial  pentane  is  not  sufficiently 
well  defined ;  and  to  the  amyl-acetate  lamp  that  its  color  is  too 
red  in  hue;  finally  objection  to  all  open  flame  lamps  is  that 
they  are  too  liable  to  be  influenced  by  the  changes  in  the  pres- 
sure, temperature  and  moisture  of  the  air.  It  is  admittea  on 
the  other  hand  that  no  electric  lamp  suitable  for  use  as  a  conve- 
nient practical  standard  has  yet  been  realized.     Under  these  cir- 
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cnmstances  there  was  a  sharp  division  in  the  committee  between 
those  who  advocated  tlie  von  Hefner  lamp  as  an  independent 
standard,  and  those  who  desired  to  maintain  a  statu  quo  nntil 
further  researches  should  have  been  made  in  various  countries. 

It  was  proposed  by  Drs.  Budde  and  Lummer  that  the  Hefner- 
Alteneck  lamp,  constructed  exactly  according  to  the  specifications 
of  Mr.  von  Hefner-Alteneck,  be  introduced  as  a  provisional, 
practical  standard  of  light,  and  that  the  problem  of  determining 
its  value  in  terms  of  an  absolute  unit  be  left  to  subsequent  in- 
vestigation. On  vote  this  was  lost  by  two  votes  for,  and  four 
votes  against.  The  following  motion  proposed  by  Messrs.  Paiaz 
and  Thompson,  and  amended  by  Drs.  Budde  and  Lummer  was 
then  carried  unanimously : 

Resolved^  That  this  committee,  while  recognizing  the  great 
progress  realized  in  the  standard  lamp  of  von  Hefner-Alteneck 
and  the  important  researches  made  at  the  Keichsanstalt,  also 
recognizes  that  other  standards  have  been  proposed,  and  are 
now  being  tried,  and  that  there  are  serious  objections  to  every 
kind  of  standard  in  which  an  open  flame  is  employed ;  it  fs 
therefore  unable  to  recommend  the  adoption  at  the  present  time 
of  either  the  Von  Hefner  lamp  or  the  pentane  lamp,  but  recom- 
mends that  all  nations  be  invited  to  make  researches  in  common, 
on  well-defined  practical  standards,  and  on  a  convenient  realiza- 
tion of  an  absolute  unit. 

(Signed,) 

J.  VioLLE.    E.  Budde.     Edw,  L.  Nichols.     A.  Palaz. 

SiLVANus  P.  Thompson.     O.  Lummrr. 


The  electricians  of  America  ought  especially  to  feel  satisfied 
with  that  part  of  the  work  of  the  Chamber  of  Delegates  which 
resulted  in  the  recommendation  of  the  adoption  of  the  name 
Henry  for  the  practical  unit  of  induction. 

The  early  work  of  Prof.  Joseph  Henry  in  the  domain  of  self 
and  mutual  induction  is  too  well  known  in  this  assembly  to  need 
comment.  The  principle  of  naming  the  practical  electical  units 
after  distinguished  electricians  who  have  passed  from  their  labors, 
having  been  established,  it  appeared  eminently  proper  to  confer 
this  honor  on  that  illustrious  electrician,  whom  we  are  proud 
to  claim  as  an  American.  Its  adoption  is  especially  gratifying  to 
the  American  Institute  of  Electrical  Engineers,  who  first 
proposed  the  name.  There  was  too  a  peculiar  fitness  in  thus 
bestowing  this  honor  on  America  at  a  time,  when  the  whole  world 
has  united  in  sending  its  choicest  products  to  our  great  exhibi- 
tion to  honor  the  four  hundredth  year  of  the  discovery  of 
America. 
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Knowing,  as  we  do,  the  desire  of  France  to  retain  the  name 
quadrant  for  the  practical  unit  of  induction,  it  was  especially 
gratifying  to  us  to  learn  that  the  resolution  to  name  this  unit  the 
Henry,  after  the  distinguislied  American  electrician,  was  intro- 
duced into  the  Chamber  of  Delegates  by  Mascart,  of  France,  and 
seconded  by  Ayrton,  of  England. 

I  know  how  much  easier  it  is  to  find  fault  with  an  enterprise 
and  to  show  how  it  should  have  been  conducted,  than  it  would 
be  to  carry  it  on  snccessfully  oneself.  I  have,  therefore,  no  little 
hesitancy  in  criticising  any  part  of  the  work  of  the  late  Electrical 
Congress ;  but,  looking  at  the  recent  Electrical  Congress  as  I 
experienced  it,  I  trust  I  may  l)e  pardoned  if  I  point  out  some 
respects  in  which  I  believe  it  could  have  been  improved.  I  do 
this,  not  for  the  purpose  of  finding  fault  with  the  conduct  of  the 
Congress,  nor  of  criticising  any  of  its  ofiicials ;  for,  on  the  whole, 
the  results  achieved  are  excellent.  I  criticise  it  only  with  the 
hope  of  preventing  similar  errors  in  the  future,  and  to  correct 
impressions  that  have  prevailed,  especially  among  our  foreign 
friends,  that  all  the  arrangements  for  the  Electrical  Congress  were 
in  the  hands  of  the  Institute.  The  only  work  with  which  our 
Institute  was  officially  connected,  was  that  considered  by  the 
Chamber  of  Delegates.  As  this  was  prepared  by  the  Sub- 
Committee  on  Provisional  Programme,  and  printed  in  the  Trans- 
actions, beginning  with  the  issue  for  January,  1893,  you  are  of 
course  familiar  with  it.  Hospitaller's  system  of  notation  was  also 
translated  and  reprinted  in  the  Transactions,  and  copies  furnished 
to  the  Chamber  of  Delegates. 

I  think  all  who  attend  any  of  the  many  congresses  held  under 
the  suspices  of  the  Electrical  Congress  Committee  of  the  World's 
Fair  Auxiliary  will  agree  with  me  that  wretched  judgment  was 
displayed  in  holding  the  sessions  of  the  congresses  in  the  Art 
Institute.  This  building,  as  we  know  from  bitter  experience, 
was  entirely  unsuited  for  the  purposes  of  a  learned  assembly, 
being  situated  in  a  noisy  city,  alongside  a  line  of  railroad  that 
was  carrying  an  enormous  traffic,  and  directly  opposite  a  great 
railroad  yard,  where  the  constant  shifting  of  care,  the  puffing  of 
locomotives,  the  blowing  of  whistles  and  the  ringing  of  bells 
rendered  very  much  of  what  was  said  at  the  Congress  inaudible. 

I  believe  I  but  voice  the  general  sentiment  when  I  object  to 
the  distance  the  place  selected  for  holding  the  meetings  of  the 
Congress,  was  from  the  Fair  grounds.     The  selection  of  this  site 
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necessitated  a  considerable  loss  of  precioas  time  in  going  ^ 
tween  tlie  exhibition   and  the  Congress ;  time  whose  value   caT\ 
be  estimated   only  by  the  loss   of  the  rare  opportunities      ^ot 
culture  afforded  by  the  rich  exhibits  within  the  grounds. 

The  division  of  the  Congress  into  different  sections ;  to  wit, 
Section  A,  Pure  Theory  ;  Section  B,  Theory  and  Practice  ;  Sec- 
tion C,  Pure  Practice,  was  also  in  my  judgment  exceedingly  an- 
fortunate. 

There  may  be  such  a  thing  as'pure  theory  apart  from  prac  *ice, 
though  I  am  disposed  to  doubt  it ;  for,  theory  is,  or  at  least  sh<r>D/(f 
be,  based  on  facts,  i.  e,,  on   practice,   and  cannot  be  proper/j 
dissociated  from  it.     But,  however  this  may  be,  I  feel  sure  ther^ 
can   be  no  such  tiling  as  pure  practice  apart  from  theory;  t^ 
my  mind,  the  two  necessarily  go  hand  in  hand  and  cannot,  there-""^ 
fore,  be  separated. 

But  apart  from  this,  the  division  appears  to  me  to  be  un- 
fortunate as  well  as  arbitrary ;  for  there  can  be  no  doubt  that  the 
greater  part  of  the  advantage  derived  from  congresses  or  other 
assemblies  of  intellectual  men  comes  from  the  contact  of  mind 
with  mind ;  not  from  the  contact  of  similar,  but  of  dissimilar 
minds.  Any  attempt,  therefore,  arbitrarily  to  divide  a  large 
cultured  assembly  into  classes,  must,  I  think,  result  disastrously. 

This  division  of  the  Congress  into  sections  was  also  unfortu- 
nate, inasmuch  as  it  prevented  the  members  of  the  Congress 
from  hearing  many  papers  or  discussions  on  subjects  in  which 
they  were  interested,  from  the  impossibility  of  simultaneously 
attending  the  several  sections.  This  difficulty  might  have  been 
lessened,  had  the  programme  been  arranged  so  as  to  give  the 
titles  of  papers,  and  the  order  in  which  they  would  be  presented 
in  each  section,  thus  affording  an  approximate  idea  of  the  time. 
This  practice  is  well  understood  and  followed  in  meetings  of 
most  technical  societies. 

I  think  it  was  a  grave  mistake  to  have  made  the  sittings  of  the 
Chamber  of  Delegates  priv^ate.  No  harm  could  possibly  have 
resulted  from  permitting  the  general  Congress  to  listen  to  the 
debates.  On  the  contrary,  I  believe  much  good  must  have  so 
resulted.  Indeed,  I  see  no  reason  why  the  members  of  the 
general  Congress  should  not  have  been  permitted  to  take  part 
in  the  discussion,  though  not  permitted  to  vote. 

But,  to  my  mind,  the  mgst  unfortunate  feature  was  the  preli- 
minary work  of  the  Electrical  Congress  of  1893,  as  carried  on  by 


18W.]  INAUQUEAL  ADDRESS.  478 

the  Committee  of  tlie  World's  Congress  Auxiliary.  Notwith- 
standing the  fact  that  the  determination  to  hold  an  International 
Electrical  Congress,  originated  with  the  American  Institute  of 
Electrical  Engineers,  and  notwithstanding  the  excellent  prior 
work  of  the  Institute  in  arranging  preliminary  details,  the 
World's  Congress  Auxiliary,  an  organization  created  for  the  pur- 
pose of  conducting  the  many  different  congresses  that  were  to 
assemble  in  Chicago  during  the  World's  Fair,  made  it  a  cardinal 
principle  of  procedure,  that  no  society  should  be  permitted  to 
take  charge  of  the  work  of  a  congress. 

When  the  varied  character  of  the  numerous  learned  congresses 
that  were  expected  to  meet  in  Chicago  during  1893  is  taken  into 
consideration,  we  may  be  able  to  form  some  idea  of  the  herculean 
labor  the  World's  Congress  Auxiliary  thus  assumed.  We  are, 
therefore,  less  surprised  at  their  failure  in  many  cases  to  invite 
the  most  prominent  men  to  represent  the  particular  subjects  in- 
volved. 

Where  the  interests  in  any  line  of  intellectual  work  were  re- 
presented by  different  societies  of  fairly  equal  importance,  we 
are  willing  to  admit  the  advisability  of  preventing  the  influence 
of  a  single  society  dominating  that  particular  congress,  though 
even  this  case  affords  no  reason  why  such  congress  should  not  be 
conducted  by  a  joint  committee  fairly  representing  the  different 
societies.  But  the  Institute  of  Electrical  Engineers  is  con- 
fessedly the  representativ^e  electrical  society  of  the  United  States. 
I  submit,  therefore,  that  the  policy  of  excluding  the  Institute 
from  the  conduct  of  the  Electrical  Congress,  and  of  persistently 
denying  it  official  recognition,  was  both  unfortunate  and  inde- 
fensible. 

For  my  part,  I  am  unable  to  see  how  any  small  body  of  men, 
such,  for  example,  as  those  forming  the  World's  Congress  Auxili- 
ary, no  matter  how  profound  or  extensive  their  erudition,  could 
hope  to  be  able  to  properly  and  etficiently  arrange  the  meetings 
of  so  many  different  learned  congresses  so  as  to  ensure  the 
presence  of  the  men  most  fitted  to  undertake  the  different 
characters  of  work. 

I,  therefore,  feel  that  the  refusal  of  the  World's  Congress 
Auxiliary  to  permit  the  work  of  each  particular  congress  to 
be  arranged  and  carried  on  by  the  representativ^e  society  or  socie- 
ties in  the  branches  to  which  such  c  ngress  related,  was  a  radical 
error  which  must  in  most  cases  have  seriously  interfered  with 
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it8  usefulness,  and  which  should  be  especially  avoided  in  t^^ 
future. 

It  has  occured  to  me,  that  it  might,  perhaps,  be  advisabte  ^ 
place  on  record  a  brief  history  of  the  part  taken  by  the  Ameri^i^as 
Institute  of  Ei.kctrical  Engixeers  in  the  World's  Electronical 
Congress  of  1 893. 

I  am  indebted  to  our  secretary,  Mr.  K.  W.  Pope,  and  to     "^he 
official  records  of  the  Institute,  for  the  facts. 

The  American  Institute  of  Electrical  Engineers,  being 
generally  recognized  as  the  national  electrical  organization     o'^ 
America,  deemed  it  advisable,  as  early  as  1889,  to  take  steps  to- 
wards identifying  itself  with  international  work,  thereby  securi 
proper  recognition   for  the  important  electrical   researches  o 
Americans  which  liad  hitherto  been  ignored,  not  by  reason  o 
their  lack  of  importance,  but  because  no  organized  body  repre 
senting  America  had  ever  participated  in  the  International  Con- 
gresses of  Europe.     Five  delegates,  representing  the  Institute, 
were  accordingly  appointed  to  attend  the  International  Congre&s 
held  in  Paris  in  1889.     As  it  was  believed  that  a  World's  Fair 
would  be  held  in  America  in   1892,  to  commemorate  the  dis- 
covery of  the  continent,  the  Institute  determined  that  an  In- 
ternational Electrical  Congress  should  be  convened  at  that  time 
in  whatever  city  the  Fair  might  be  held. 

In  August,  1889,  a  committee  was  appointed  by  President 
Elihu  Thomson,  to  make  preparations  for  siwh  proposed  Inter- 
national Electrical  Congress  of  America. 

The  postponement  of  the  date  of  the  World's  Fair  to  1893,  and 
the  holding  of  an  International  Electrical  Congress  at  Frankfort 
in  189 1 ,  rendered  it  unnecessary  for  this  committee  to  do  anything 
more  than  to  take  advantage  of  the  coming  Frankfort  Congress 
again  to  notify  the  world  of  their  intention  of  holding  an  Inter- 
national Congress  in  America  during  1^93. 

On  September  lOth,  1890,  the  following  resolutions  were 
adopted  by  the  American  Institute  of  Electrical  Engineers  : 

Wherew*,  It  has  been  the  custom  in  the  nomenclature  of  electrical  units  to 
perpetuate  the  names  of  men  who  have  contributed  most  to  electrical  science  ; 
and. 

W/iereaa,  In  the  names  thus  far  adopted,  the  eminent  services  of  Americans 
have  not  been  recognized  :  therefore, 

Resolved,  That  in  the  opinion  of  the  American  Institdtic  op  Elbctkical 
Enointcers  a  just  distribution  of  the  honors  thus  bestowed  necessitates  a  recog- 
nition of  one  or  both  of  America's  great  electricians-^Benjamin  Franklin  and 
Joseph  Henry ; 
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Roiolred,  That  the  name  of  Henry  should  be  given  to  the  practical  unit  of 
self-induction,  since  he  was  the  discoverer  and  greatest  investigator  of  this 
phenomenon,  and  because  this  unit  at  present  is  called  a  quadrant,  which  is 
merely  a  numerical  value  and  not  a  suitable  name. 

Retolved,  That  this  Institute  recommends  to  electrical  societies  and  elec- 
trical engineers  the  general  use  of  the  name  Henry  for  the  unit  of  induction,  ns 
being  the  quickest  and  surest  way  to  secure  its  final  adoption. 

Upon  the  receipt  of  an  invitation  extended  by  the  management 
of  the  Frankfort  International  Congress  of  1891  to  the  Amekican 
Institute  of  Elfctrical  Engineers  to  take  part  in  its  delibera- 
tions, five  delegates  were  appointed  by  the  Chair  to  attend  the 
Frankfort  Congress,  at  the  general  meeting  of  the  Institute,  on 
May  21st. 

The  adjourmnent  of  the  Frankfort  Congress,  to  meet  in  Chi- 
cago in  1893,  was  considered  as  settling  the  fact  that  an  Inter- 
national Electrical  Congress  was  to  be  held  at  that  time,  and  the 
Institute,  therefore  continued  its  preparatory  work,  and  on 
October  27th,  1891,  its  committee  on  the  International  Congress 
of  1893  reorganized  as  follows,  viz. : 

T.  CoMMERFORD  Martin,  Chairman. 
Ralph  W.  Pope,  Secretarv. 
Prof.  W.  A.  Anthony,  T.  D.  Lockwood, 

Prof.  Alex.  Graham  Bell,     C.  O.  Mailloux, 
Prof.  Francis  B.  Crocker,       Prof.  Henry  Morton, 
Prof.  Charles  R.  Cross,  Dr.  Edward  L.  IMichols, 

Dr.  William  E.  Geyer,  George  M.  Phelps, 

LUDWIG  GUTMANN,  FrANKLIN  L.  PoPE, 

George  A.  Hamilton,  Nikola  Tesla, 

Col.  Charles  H.  Haskins,       Prof.  Elihu  Thomson, 
Carl  Hering,  Edward  Weston, 

Prof.  Edwin  J.  Houston,  Dr.  Schuyler  S,  Wheeler, 

A.  E.  Kennelly'. 

Sub-Committee  on  Provisional  Programme, 
Cakl  Hering,  Prof.  W.  A.  Anthony, 

A.  E.  Kennelly. 

Bnt  these  preparations  for  an  International  Electrical  Congress 
were  rendered  futile  by  the  decision  of  the  officials  of  the  World's 
Fair,  that  the  organizations  of  all  the  world's  congresses  that 
were  to  be  held  in  connection  with  the  World's  Colombian  Ex- 
position should  be  placed  in  the  hands  of  the  World's  Congress 
Auxiliary,   and  that    all  details  connected  with  the  proposed 
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Electrical  Congress  should  be  placed  in  the  hands  of  the  World's 
Congress  Auxiliary  Electrical  Committee,  of  which  Dr.  Elisba 
Gray  was  cliairman. 

At  a  meeting  of  the  iNSTrruTE's  Congress  Committee,  held  in 
New  York  in  December,  1891,  Dr.  Gray  emphaticallj  stated 
that  no  society  would  be  permitted  to  take  charge  of  the  work 
of  a  congress,  tlie  World's  Congress  Auxiliary  Electrical  Com- 
mittee being  created  for  that  express  purpose.  The  Institute 
unavailingly  contended  that  it  should  at  least  receive  official 
recognition  in  the  conduct  of  the  Congress.  Having  solely  in 
view  the  advance  of  electrical  science,  in  the  interests  of  har- 
mony it  reluctantly  passed  the  following  resolution,  December 
23,  1891: 

Resolved,  That  the  American  Institdtr  of  Elrctrical  ENonfEEHS.  hav* 
ing  already  taken  action  during  the  past  three  years,  by  correspondence  and 
otherwise,  towards  the  holding  of  an  International  Electrical  Congress  in  con- 
nection with  the  Columbian  World's  Fair,  hereby  expresses  its  desire  and  in- 
tention to  co-operate,  by  all  means  in  its  power,  with  the  World's  Congress 
Auxiliary  of  the  World's  Columbian  Exposition,  through  its  Electrical  Congress 
Committee,  in  furthering  the  gathering  of  such  a  congress  at  Chicago  in  18d8, 
and  in  making  it  a  successful  and  worthy  representation  of  Che  best  electrical 
science  and  practice  in  all  parts  of  the  world. 

With  this  resolution  the  Institute  relinquished  all  responsibility 
for  the  management  of  the  Congress,  but  continued  the  work  of 
preparation  by  the  appointment  of  a  sub-committee  on  a  provi- 
sional programme. 

There  are  several  important  topics  that  failed  to  receive  final 
or  sufficient  treatment  by  the  Chamber  of  Delegates.  Prominent 
among  these  are  the  practical  units  of  light  and  of  illumination. 
It  has  been  proposed  that  the  American  Institute  of  Elec- 
trical Engineers  take  up  and  complete  this  unfinished  work. 

I  deem  the  proposition  extremely  valuable,  and  would  suggest 
that  the  Institutk  take  up  the  work  after  substantially  the  fol- 
lowing plan ;  viz.,  to  increase  the  regular  committee  of  the 
Institute  on  Units  and  Standards,  and  appoint  a  number  of  sub- 
committees to  whom  shall  be  entrusted  the  carrying  on  the  neces- 
sary experimental  work  on  which  to  base  practical  standards  of 
light  and  of  illumination. 

1  would  suggest  that  the  sub-committees  be  constituted  as 
follows:  That  a  cliairman  be  named  in  as  many  of  the  colleges, 
universities,  or  other  le  irned  institutions  as  possess  the  necessary 
physical  or  electrical  laboratories  as  the  Insttfute  may  select, 
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and  anthorize  each  chairman  to  name  additional  members,  sub- 
ject to  confirmation  by  the  Institute,  from  their  colleagues  in 
their  respective  faculties,  or  from  proper  parties  residing  in  the 
vicinity,  to  carry  on,  without  expense  to  the  Institute,  the  neces- 
sary investigations. 

This  work  should  be  distinctively  Institute  work.  Therefore, 
no  one  should  permitted  to  serve  on  such  committees,  or  to  take 
part  in  such  work,  who  is  not  a  member  of  the  American  Insti- 
tute OF  Electrical  Engineers. 

Our  distinguished  Honorary  Member,  Mr.  Preece,  of  England, 
has  kindly  offered  to  undertake  such  work  in  England,  and  to 
associate  with  himself  and  such  other  parties,  as  we  may  deter- 
mine. I  would  earnestly  suggest  that  the  Institute  authorize 
me  to  appoint  the  necessary  sub-committees,  so  that  they  may 
proceed  at  once  to  the  work  suggeeted. 

In  conclusion  permit  me  to  say  that  I  esteem  it  a  very  high 
honor  to  have  been  elected  by  your  votes  to  the  presidency  of 
the  American  Institute  of  Electrical  Engineers.  Even  to 
belong  to  this  Institute  is  an  honor  that  is  not  conferred  inadvis- 
ably ;  therefore,  to  be  called  to  represent  so  distinguished  a  body 
of  men  is  something  for  which  1  may,  perhaps,  be  pardoned  if  I 
feel  proud. 

During  the  pleasant  week  of  the  International  Electrical  Con- 
gress of  Chicago,  I  have,  as  far  as  possible,  embraced  the  oppor- 
tunity of  entering  into  more  intimate  relations  with  many  of  its 
members,  and  have  thus  acquired  a  better  acquaintance  with  its 
personelle.  From  what  I  know  of  the  early  history  of  the  Elec- 
trical Congress,  from  what  I  saw  of  its  actual  work,  and  from 
the  knowledge  I  have  gained  of  those  of  its  very  many  members 
who  were  also  members  of  the  American  Institute  of  Elec- 
trical Engineers,  I  feel  that  our  Institutp:  has  not  failed  in 
contributing  its  full  share  towards  whatever  success  the  Congress 
has  achieved. 


Mr.  Lockwood  : — I  sincerely  trust  that  I  shall  not  even  for  a 
single  moment  be  thought  guilty  of  disrespect  to  the  Chair, 
though  I  deliberately  transgress  the  accepted  rules  of  order,  and 
turn  my  back  wholly  on  Cusliing's  Manual  (not  being  accustomed 
to  manual  labor),  by  addressina^  my  remarks  to  the  gentleman 
sitting  at  your  left,  the  Secretary  of  this  Institute.  Sir.  Secre- 
tary and  gentlemen  of  the  American  Institute  of  Elkctrical 
Engineers,  you  have  with  myself  heard,  with  feelings  of  pleasure 
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and  admiration,  the  inaugural  address  of  the  President  of  this 
Institute.  We  should,  I  am  sure,  consider  ourselves  fortunate, 
and  unite  in  our  felicitations  that  we  have  as  our  presiding  officer 
for  this  year  a  gentleman  who  has  so  thoroughly  proved  his  pow- 
ers of  observation ;  who  has  combined  with  those  powers  of 
observation  the  faculty  of  so  happily  putting  them  into  excep- 
tionally graphic  language,  and  who  possesses  me  literary  faculty 
of  being  capable  to  develop  in  so  short  a  time,  not  only  a 
thoroughly  readable,  but  a  thoroughly  eloquent  and  therefore 
listenable  a  production. 

It  appears  to  me  that  his  comments  upon  the  necessarily  co- 
operative and  co-ordinate  relations  of  true  theory  and  true 
practice,  and  his  very  decidedly  expressed  opinion  that  what 
God  has  joined  together,  no  man  or  committee  should  put 
asunder,  especially  are  of  such  a  character  as  to  commend  them- 
selves to  every  one. 

And  I  have  very  ffreat  pleasure,  Mr.  Secretary,  in  moving  a 
vote  of  thanks  to  the  President  for  his  able  and  instructive  inaug- 
ural address,  with  the  request  that  he  permit  the  same  to  be 
published  in  the  proceedings  of  the  Institute. 

[The  motion  was  seconded  by  Mr.  Phelps,  and  carried 
unanimously  after  being  put  by  the  Secretary.] 

The  President: — Gentlemen,  1  thank  you. 

I  know  that  I  voice  the  sentiments  of  the  Institute  when  I 
take  the  liberty  of  calling  on  our  distinguished  honorary  member 
to  give  you  in  a  brief  address,  some  oi  his  impressions  of  the 
Congress,  or  anything  else  that  he  may  feel  like  talking  to  us 
about.     [Applause.] 

Mk.  Pkkeck: — Mr.  President  and  Gentlemen,  if  it  had  not 
been  for  the  alacrity  of  Mr.  Lockwood,  I  think  that  I  should 
have  claimed  the  indulgence  of  this  meeting  to  have  broken  your 
rules,  and  asked  you  to  allow  me,  in  our  usual  English  fashion, 
to  propose  a  vote  of  thanks  to  your  President  for  tne  clear,  able 
and  extremely  interesting  address  that  he  has  given  you.  But 
my  wish  has  been  forestalled,  and  I  am  asked  to  give  you  my 
thoughts,  or  an  address  on  anything.  Of  course,  I  cannot  go  be- 
yond Chicago,  and  I  cannot  forget  the  Congress.  At  the  same 
time  I  did  feel  a  certain  sensation  of  satisfaction  and  pride  when, 
in  the  earlier  pari  of  his  address,  your  President  referred  to  the 
four  hundred  years'  history  of  this  great  Republic.  When  he 
made  that  alhisiun,  1  could  not  forget  the  lact  that  for  about 
three  hundred  years  this  so-called  repubhc  was  acting  under  the 
guidance  of  the  Old  Country  at  home.  [Applause.]  So  that  I 
feel  that  of  whatever  progress  you  have  made  here,  we  can  at 
any  rate  claim  some  little  share.  Action,  sir,  and  re-action,  we 
have  all  been  told,  and,  1  have  no  doubt,  you  have  often  taught, 
are  exactly  similar,  and,  while  in  the  past,  a  hundred  years  ago  or 
more,  you  taught  us  a  vei-y  severe  lesson  bv  foolishly  chucking 
some  tea  into  the  sea,  we  on  the  other  hand  have  learned  a  mncu 


1893.J  REMARKS,  479 

greater  lessoD,  and  ever  since  then  have  allowed  all  our  children 
to  do  just  whatever  they  like,  and  they  always  do  it.  [Applanse.] 
I  cannot  also  forget  that  your  President  referred  to  the  history 
of  electrical  enterprise  in  this  country  during  the  past  nine  years, 
from  1884.  It  happens  that  that  year  was  exactly  coincident 
with  my  last  visit  to  this  great  country.  I  was  present  at  the 
exhibition  in  Philadelphia,  in  1884,  and  when  I  look  back  to  the 
history  of  the  past  nine  years,  I  cannot  shut  my  eyes  to 
the  fact  that  every  single  advance  of  any  consequence  or  any 
value  has  taken  place  in  this  country.  You  alluded  especially  to 
the  introduction  of  motors.  There  is  nothing  that  strikes  us, 
who  come  over  from  the  other  side  of  the  Atlantic,  so  much  as 
the  marvelous,  the  wonderful  advance  that  has  been  made  in  the 
extension  of  electric  railways.  I  have  come  over  here  not  alone 
to  attend  the  Congress,  not  alone  to  see  the  World's  Fair,  but  to 
see,  to  the  utmost  of  my  ability,  during  the  time  allowed  me,  all 
progress  made  in  all  branches  of  electrical  industry,  and  while 
the  advances  in  telephony,  and  the  advances  in  electric  lighting 
and  other  applications  of  electricity  are  great  and  striking,  there 
is  nothing  so  wonderful  and  so  astounding  as  the  development  of 
electric  railways,  and  particularly  of  electric  railways  in  Boston. 
You  made  some  allusion,  too,  to  the  wonders  of  science,  and 
that  we,  who  come  day  by  day,  in  the  performance  of  our  allotted 
tasks,  to  the  application  of  science  to  the  wants  and  purposes  of 
mankind,  are  apt  to  get  rather  careless  and  indifferent  to  the 
wonders  of  science  that  are  displayed  about  us.     So  far  as  I  am 

?ersonally  concerned,  I  do  not  agree  with  you  in  that  respect, 
'here  is  not  a  single  day  of  my  life  that  1  do  not  feel  the  utmost 
wonderment  at  the  advances  of  science,  and  especially  of  electric- 
ity, and  although  nothing  is  more  startling  and  wonderful  than 
the  reproduction  of  the  human  voice,  and  the  production  of  the 
electric  light,  still  all  these  fade  when  you  come  to  think  of  the 
marvelous  influence  of  light  in  producing  pictures.  There  is 
something  in  the  interaction  of  those  undulatory  movements 
that  constitute  light  and  produce  pictures,  and  those  undulatory 
movements  that  you  allude  to  as  being  in  the  domain  whicn 
Tesla  is  now  exploring ;  there  is  something  in  the  connection 
between  light  and  sound,  and  electricity  and  motion  generally, 
that  indicates  a  reason  whv  the  conveners  of  the  Congress  at 
Chicago  should  have  divided  the  subject  into  pure  theory  and 
pure  practice.  Theory  covers  a  field.  There  is  a  field  tliat  is 
apart  from  practice.  There  is  a  field  in  which  the  philosopher 
wanders  and  gives  play  to  his  imagination,  and  I  cannot  help 
thinking  that  we  are  now,  thanks  to  the  practice  of  the  past, 
gradually  approaching  a  shore  on  which  we  can  pick  up  pebbles 
that  will  sooner  or  later  give  us  a  chie  and  an  indication  of  the 
actual  existence  of  the  murvclous  power  or  force  that  sometimes 
we  call  electricity,  sometimes  energy,  sometimes  light,  but  which 
is  really  the  evidence  of  some  wonc^erful  agency  which  exists  in 
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nature,  of  which  at  the  present  moment  we  are  absolutely  igno- 
rant. And  tlieref ore  it  is,  that  electricity  shadows  before  us  some- 
thing that  enables  the  old  gentlemen, — you  and  I,  sir, — to  wander 
at  will  in  fields  that  will  warrant  future  congresses  in  justifying 
the  division  of  the  Congress  in  Chicago  into  two  classes  at  any 
rate,  practice  and  theory. 

Now  you  must  not  forget  this, — that  one  part  of  the  Congress 
at  Chicago  was  governmental  and  official.  It  was  called  together 
by  the  government  of  the  United  States ;  it  was  responded  to  by 
every  government  in  Europe,  and  we  met  together  there.  I  am 
delighted  to  hear  you  grumble  and  growl.  It  is  one  of  the 
privileges  of  the  Anglo-Saxon  race  to  be  able  to  growl  to  their 
neart's  content.  By  your  grumbling  and  your  growling  you 
save  the  necessity  for  anybody  else  doing  it.  It  would  oe  ex- 
tremely ungracious,  it  would  oe  inhospitable,  it  would  be  out- 
rageous on  tlie  part  of  a  guest  like  myself  to  grumble  and  growl. 
At  the  same  time  I  am  glad  to  have  it  done.     [Applause.] 

Now  I  interrupted  yon,  sir,  when  you  suggested  that  the  henry 
was  proposed  by  Mascart  and  seconded  t)y  myself.  I  should 
have  been  delighted  to  second  it.  Nothing  on  earth  that  I  know 
of  would  have  given  me  greater  pleasure  than  to  have  seconded 
that  proposal,  and  I  was  prepared  to  do  it.  But  we  thought 
there  was  an  additional  grace  in  its  being  seconded  by  Professor 
Ayrton,  for  Professor  Ayrton  had  himself  proposed  a  name  for 
this  unit— a  secohm — an^  he  in  conjunction  with  Professor  Perry 
had  invented  an  instrument  to  measure  the  unit,  called  a  secohm- 
meter,  and  there  was  something  particularly  pretty  in  the  notion 
that  the  henry  should  be  proposed  by  sucn  a  Frenchman  as 
Mascart,  and  seconded  by  such  an  Englishman  as  Ayrton.  [Loud 
applause.] 

You  also  implied  that  the  work  of  the  American  Institute  of 
Electkical  Engineers  did  not  receive  its  full  meed  of  praise.  I 
do  not  care  two  pence  about  the  World's  Fair,  or  the  World's 
Congress  Auxiliary,  or  what  they  may  have  done,  but  I  know 
this,  that  I  am  expressing  the  sentiments  of  every  single  for- 
eigner— I  do  not  call  myself  a  foreigner,  as  you  know — but  I 
express  the  feeling  of  everybody  there,  that  there  was  one  haven 
of  rest  where  we  could  all  go  to  receive  a  little  comfort,  and  that 
was  the  office  of  the  Institute  of  Electrical  Engineers  of 
America,  and  there  was  one  (iheery  face  that  always  welcomed 
us  there,  was  glad  to  see  us  and  who  did  all  he  could  to  make  our 
visit  to  Chicago  as  pleasant  as  it  could  be  made.  And  it  was 
pleasant.  I  do  not  think  that  I  can  refer  to  any  visit  that  I  have 
ever  made  anywhere,  that  I  shall  recall  with  greater  pleasure 
than  my  visit  to  Ciiicago,  and  especially  it  will  be  associated  with 
the  American  Institute  of  Electrical  Engineers;  not  because 
they  did  as  much  as  they  could  do,  but  because  of  all  the  titles 
and  honors  that  I  hold,  there  is  not  one  which  I  feel  a  greater 
pride  in  holding  than  that  of  being  an  honorary  member  of  the 
American  Institute  of  Electb.icil\.  Eisqikekrs, 
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Sir,  it  was  my  intention  to  propose  a  vote  of  thanks  to  you. 
I  do  not  propose  that  vote  of  tnanks,  because  it  has  been  done. 
But  I  desire  to  express  to  you  my  great  obligations  for  giving 
me  such  a  capital  resum^  of  what  you  saw  at  Chicago  ana  what 
1  saw.  I  do  not  mind  telling  you,  gentlemen,  that  1  came  over 
to  this  country  to  steal  all  I  could,  and  I  intend  to  go  back  and 
make  use  of  all  I  have  learned,  and  one  thing  I  certainly  shall 
do,  I  shall  make  free  use  of  your  ideas,  sir,  and  in  the  report  I 
make  to  the  Institution  of  Electrical  Engineers,  and  in  the  reports 
that  I  make  to  her  Majestv's  government  of  what  I  have  done 
and  seen  here,  I  shall  certainly  refer  to  the  address  delivered  to 
this  Institui'e,  and  also  to  tue  good  work  that  has  been  done 
by  this  Institute,  membership  in  which  I  feel  such  a  pride  of 
holding.    [Applause.] 

There  is  just  one  point  that  I  wish  to  refer  to. 

Your  President  alluded  to  the  fact  of  the  work  left  undone. 
He  said  that  I  was  prepared  to  carry  on  that  work  in  England, 
as  your  honorary  member,  and  I  shall  do  so,  not  alone  because  I 
am  an  honorary  member  of  this  iNSTnuTE,  but  because  I  am 
deeply  interested  in  the  adoption  by  the  electrical  fraternity  of  a 
unit,  not  of  light,  but  of  illumination.  I  want  to  know  what  is 
the  light  on  that  paper.  I  do  not  care  a  button  where  it  comes 
from.  It  may  be  gas,  or  a  candle,  or  the  sun,  or  the  moon.  We 
want  to  be  able  to  express  in  something  that  we  understand  as 
clearly  as  we  understand  the  ohm,  the  ampere  or  the  henry ;  we 
want  to  express  exactly  what  is  the  illumination  on  that  paper; 
and  therefore  it  is  that  I  support  for  that  purpose  with  all  my 
power  the  proposal  of  your  President,  for  the  establishment  of  a 
committee  to  deal  witn  this  matter.  We  will  work  at  it  very 
hard  in  England  and  I  hope  that  we  shall  be  able  to  do  something 
to  enable  you  to  come  to  a  decision. 

The  President: — Gentlemen,  the  hour  is  running  on.  Will 
you  take  any  action  in  this  matter  ?  There  is  really  no  motion 
before  the  Institute.  I  think  the  Institute  can  do  very  excel- 
lent work  in  this  connection. 

Mr.  F.  W.  Jones  : — I  move  Mr.  President,  that  the  Chair  be 
authorized  to  appoint  a  committee  to  carry  out  the  suggestions 
made  in  the  Inaugural  Address  of  the  President. 

[The  motion  was  carried,  and  the  Chair  subsequently  appointed 
Mr.  A.  E.  Kennelly,  Dr.  Wm.  E.  Geyer  and  Mr.  Carl  Hering.] 

Mr.  Steinmetz  : — I  would  like  to  say  a  few  words  on  a  matter 
that  has  been  considered  several  times  here,  viz. :  the  establish- 
ment of  local  branches  or  chapters  of  the  Institute.  I  wish  to 
sound  the  sentiment  of  the  Institute  about  the  establishment  of 
a  chapter  in  Lynn. 

As  you  know,  there  is  an  electrical  organization  there,  having 
somethinfi:  like  70  or  90  members,  and  about  the  same  tendency 
as  our  Institute  here.  At  the  last  meeting  of  this  organization — 
the  Thomson  Scientific  Club — the  question   was   Drought  up 
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whether  it  would  be  advisable  to  join  hands  with  the  America! 
Institutk  of  Electrical  Engineers.  No  definite  action  wi 
taken,  but  I  was  instructed  to  ascertain  the  state  of  feeling^  ber^^H*e 
in  New  York.  The  main  reason  was  and  is,  undoubtedly,  tkr-  le 
rapidly  increasing  influence  and  importance  of  this  Institute 
displayed  during  the  time  of  the  Electrical  Congress  in  Chicago 
and  as  expressed  in  the  scientific  papers  published  in  the  Tran  s- 
ACTioNs  of  the  Institute.  We  knew  that  this  question  had  hu  tl 
discussed  here  by  the  Institute  frequently,  and  that,  as  I  believ  e, 
the  general  sentiment  was  towards  the  establishment  of  sue  -^h 
chapters. 

Now  I  should  like  to  hear  what  the  members  think  about  thfc — is 
question,  and  how  they  would  stand  if  the  proposition  to  uni""'^^ 
with  the  Institute  were  brought  up  by  the  Thomson  Scienti^^S^ 
Club  of  Lynn.     Our  idea  was,  that  some  kind  of  an  arrangeme^^s^^ 
could  be  made  so  that  election  to  membership  would  take  placr:^^ 
in  the  same  manner  as  before,  bv  the  Council  of  the  Instituti 
that  the  local  chapter  would  have  the  right  to  elect  local  membei 
which  would  have  full  vote  on  all  localmatters,  but  have  novol 
on  general  mattters,  and  that  at  the  time  of  consolidation,  tl 
members  of  the  local  organization  who  are  not   members  of  th. 
Institute,  become  local  members. 

In  Lynn  out  of  70  or  80  members  of  the  local  organization 
there  are  about  ten  or  fifteen  members  of  the  Institutk,  and  th 
cause  for  this  small  percentage  is  that  the  tendency  of  the  loca 
organization  is  about  the  same  on  a  smaller  scale   as  that  of  th» 
Institute.     Most  of  the  electrical  eno:ineers  there  think  it  thei_ 
duty  to  build  up  the  local  organization,  and  they  do  not  care  t< 
be  members  of  the  two  organizations,  and  therefore  do  not  b( 
come  members  of  the  Ixsti  tute,  but  now  that  it  has  reached  sue! 
importance,  they  would  like  to  be  members  of  it  without  givingt. 
up  their  local  organization. 

Furthermore  I  think  there  would  be  no  difficulty  in  having 
papers  read  before  the  local  organization  printed  in  the  Tran- 
sactions under  the  same  conditions  as  they  are  now  printed,  /.  e, 
that  the  author  of  a  [)aper  sends  it  in  for  acceptance  a  sufficiem 
time  before  the  meeting  to  liave  the  advance  copies  printed,  or^ 
in  other  words  that  members  of  the  Institute  have  the  right  to 
read  their  paper  before  the  local  branch,  instead  of  before  the 
general  organization  ;  or  where  it  is  desirable,  to  read  the  paper 
personally  at  the  one,  and  by  proxy  at  the  other  meeting.  I 
would  like  to  hear  from  the  members  what  their  opinion  would 
be  upon  such  a  proposition. 

Mr.  Hammer  : — I  would  suggest  that,  as  this  same  question 
has  recently  come  up  in  connection  with  the  city  of  Cincinnati, 
the  city  of  Philadelphia,  and  the  city  of  Chicago,  the  Thomson 
Scientific  Club  be  re(juested  to  send  a  report,  embodying  their 
views,  to  the  Council,  and  have  it  taken  up  in  connection  with 
these  other  applications,  and  then  have  the  Council  submit  the 
matter  for  the  approval  of  iVie  1^«?iyy\st¥i. 
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The  President  : — I  think  that  is  a  very  sensible  suggestion. 

The  Secretary  : — As  I  told  the  gentlemen  at  Chicago,  we 
30uld  not  force  them  to  hold  meetings,  and  we  could  not  prevent 
'heir  holding  meetings  if  they  wished  to.  We  have  the  opinions 
>f  single  inoividuals  as  to  what  they  thought  they  could  do.  But 
5ve  have  not  as  yet  had  any  united  request  from  any  number  of 
lietnbers  that  would  signify  that  they  wished  to  hold  meetings, 
[n  Lynn  we  have  about  twenty  members.  The  proper  proce- 
lure  would  be  for  them  to  draw  up  a  proposition,  signed  by 
3noiigh  names  to  give  it  weight  and  then  send  it  to  the  Council, 
i^hen  it  can  be  taken  up  and  considered. 

Mr.  Steinmetz  : — I  would  not  recommend  the  Institute  to  take 
my  action  at  present.  My  object  was  first  to  present  the  matter 
ind  see  how  its  members  would  regard  such  a  proposition. 

[Adjourned.] 
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Emery  on  Cost  of  Steam  and  Water  Power. 

[See  page  119,  ante.] 
[communicated  discussion  by  l.  b.  stillwell.] 

I  have  read  Ur.  Emery's  paper  on  the  cost  of  steam  power^ 
with  supplement  relating  to  water  power,  with  great  interests 
The  figures  which  he   presents — coming  from  a  man  of  sue' 
undoubted  ability  and    wide  experience — are    of   the    ntmos 
value  to  all  who  are  interested  in  the  cost  of  power,  and  to  non 
are  they  of  greater  interest  than  to  those  who  at  the  present  tim 
are  called  upon  to  advise  with  reference  to  the  installation  o 
plants  for  the  utilization  of  water  power  by  electric  transmis — 
sion. 

The  tables  which  Dr.  Emery  has  prepared,  representing  re — 
suits  obtainable  in  approved  steam  engineering  practice,  supply^- 
the  engineer  who  is  designing  an  hydraulic  and  electric  tran 
mission  plant  with  data  concerning  the  cost  of  operation  of 
possible  competing  steam  plant,  more  complete  and  more  carefully 
analyzed,  perhaps,  than  any  that  had  been  published  up  to  the 
time  when  Dr.  Emery's  paper  was  read.  It  goes  without  saying 
that  no  transmission  plant  should  be  installed  without  a  careful 
comparison  of  the  annual  charges  against  such  a  plant  with  the 
annual  charges  arainst  a  steam  plant  located  where  the  motors 
are  to  be  located,  and  doing  the  same  work ;  but  reliable  in- 
formation regarding  the  proper  annual  charges  against  such  a 
steam  plant  have  been  very  difficult  to  procure.  I  am  sure  that 
Dr.  Emery's  paper  will  be  frequently  consulted  by  those  who 
may  have  occasion  to  consider  proposed  installations  for  the 
transmission  of  power. 

In  presenting  a  paper  so  comprehensive  in  scope,  and  dealing 
with  a  subject  so  complex,  Dr.  Emery  has  made  no  attempt  to 
be  perfectly  general,  and  has  confined  himself  within  the  limits 
of  average  conditions  as  regards  cost  of  fuel,  wages,  interest  upon 
investment,  etc.  For  example,  he  makes  no  calculations  based 
upon  the  use  of  coal  costing  more  than  $5  per  ton,  nor  less  than 
$1  per  ton.  There  are,  of  course,  many  places — especially  in  the 
west — where  good  coal  cannot  be  purchased  for  $5  per  ton  ;  and, 
on  the  other  hand,  there  are  perhaps,  other  localities  where  a 
fair  quality  can  be  procured  for  less  than  $1  per  ton.  The 
limits  which  he  has  assumed,  however,  are  fairly  stated,  and  the 
method  is  so  clearly  indicated  that  corrections  for  peculiar  local 
conditions  can  be  readily  made. 

As  a  starting  point  in  the  preparation  of  his  paper  Dr.  Emery 
has  assumed  a  unit  of  500  ii.  p.  delivered  at  a  speed  of  250  to  350 
R.  p.  M.  "  correspcmding  to  the  jack-shaft  speed  of  slow  engines. 
"  and  the  actual  speed  of  high  speed  engines,"  and  in  his  discus- 
sion of  the  subject  of  water  power  he  still  keeps  the  jack-shaft  in 
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riew.  Of  course  a  comparison  such  as  this,  based  upon  a  special 
and  of  service,  and  limited  to  large  units,  altogether  leaves  out 
>f  consideration  some  of  the  most  marked  advantages  of  electric 
ransinission.  It  does  not  apoly  in  the  least  to  those  cases  in 
vhich  transmission  is  combined  with  distribution  of  power ;  that 
8  to  say,  where  the  energy  is  transmitted  from  water  power  across 
ioiintry  to  a  secondary  station,  conveniently  located  as  regards 
he  market,  and  thence  distributed  to  motors,  large  and  small, 
applying  power  for  the  manifold  work  of  a  city  or  town.  It 
ipplies  only  to  those  cases  where  we  have  transmission  "in 
>lock,"  and  even  in  these,  the  conditions  assumed  are  such  as  im- 
pose serious  disadvantage  upon  the  plant  utilizing  water  power  by 
neans  of  electricity. 

It  is,  I  think,  pertinent  to  the  discussion  of  Dr.  Emery's  paper 
jQ  point  out  briefly  wherein  the  transmission  plant  will  in  general 
compare  much  more  favorably  with  the  steam  plant  than  would 
>e  inferred  from  a  casual  reading  of  the  supplement  wherein 
le  touches  upon  the  subject. 

Dr.  Emery  finds  that  at  Lawrence  the  general  hydraulic  plant, 
exclusive  of  turbines  and  hydraulic  connections  from  the  high 
;anals  to  the  lower  levels,  has  co8t»about  $77  per  horse  pewer,  and 
:hat  the  expense  at  Lowell  has  been  even  greater.  He  states 
:hat  in  addition  t©  this,  the  mill  owners  have  expended  for  tur- 
[)ines  and  connections  an  average  of  $65  per  horse  power  for  the 
iverage  power  utilized.  This  makes  the  total  cost  of  developing 
ivater  power  on  the  Merrimac  about  $142  per  horse  power,  wnich 
Dr.  Emery  says  "  is  about  the  limit  of  cost  at  which  water  power 
'can  be  developed  in  competition  with  steam."  He  estimates 
the  annual  charges  upon  such  an  hydraulic  plant  as  follows: 

Depreciation ^\% 

Kepaire H  '• 

Taxes 1^** 

Operating  expenses 2    " 

Interest  and  dividends 10    '* 

Total 17    % 

Seventeen  per  cent,  upon  an  investment  of  $140  represents 
^23.80  per  horse  power,  or  "about  the  same  as  shown  in  the  tables 
'  with  economical  engines  and  coal  between  $2  and  $3  per  ton." 
[n  this  way  he  arrives  at  the  conclusion  that  "  the  higliest  allow- 
'  able  cost  for  the  complete  development  of  water  power  from 
'the  dam  to  the  jack-shaft  appears  to  be  about  $140  per  horse 
*  power,  utilized  on  a  ten-hour  basis,"  and  a  little  farther  on  he 
jays: 

"When  the  power  of  a  waterfall  is  to  be  delivered  at  a 
'  distance,  the  allowable  cost  of  actually  developing  the  power 
•'must  be  decreased  by  that  necessary  to  transmit  the  power  and 
'actually  deliver  it  to  a  jack-shaft  at  a  given  distance.  An 
"  electric  transmission  is  undoubtedlv  the  most  economical  for 
"such  a  purpose.     If  we  add  to  the  cost  of  the  electric  dynamos 
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"that  of  the  buildings,  of  the  hydraulic  connections  to  thecanalj===  .i;, 
"  of  the  turbines,  of  the  line,  and  of  the  installation,  and  finalh  Ms 
"  add  the  cost  of  the  motor?,  so  that  the  power  is,  according  t 
"  the  assumption,  delivered  to  a  jack-shaft,  the  total  cost  of  whai^^Bt 
"  may  be  called  the  '  electrical  transmission '  cannot,  probably,  \m.  -ait 
"present  prices,  be  put  in  for  $140  for  each  net  horse  powe^E^r 
"delivered;  so  on  a  ten-hour  basis  no  expenditure  could 
"  allowed  for  the  general  development  of  the  water  power,  b 
"only  for  the  simplest  hydraulic  connections  to  existing  canali^  ^* 
"etc." 

Installations  for  transmission  of  power  by  electricity  may,  fo^d^^ 
convenience  of  analysis,  be  divided  into  two  classes: 

First: — Installations  for  transmission  in  block,  in  which  th    ^^ 
energy  is  delivered  to  a  single  point,  and  there  utilized. 

Second: — Installations   for   transmission  and  distribution,  i^^    -^ 
which  the  energy  is  transmitted  to  a  secondary  station  conv 
iently  located  witli  reference  to  the  market  for  power,  and  thene 
distributed  to  motors  of  various  capacities  located  at  many  diffe 
ent  points.    In  both  classes  it  is  usually  convenient  and  profltabl 
to  combine  with  the  power  service,  a  certain  amount  of  lightin 
service. 

Dr.  Emery's  comparison  is  made  with  a  case  falling  withiii^r  ^^ 
the  limits  of  the  first  class,  as  above  defined,  and  his  conclusio 
amounts  to  this,  namely  :  ''  Where  500  horse  power  is  to  he  de 
livereiJ  to  a  jack-shaft  f(ir  t^ii  hours  per  day^  and  where  thi 
power  rannot  he  utilized  durintj  the  remaining  fourteen  hour 
out  of  tirentijfour^  un  inve-stment  in  hydraulic  and  elect ri 
plant  not  exceeding  $JJfOfor  each  net  horse  power  is  allotcahle. 

In  view  of  the  conditions  assumed  in  the  comparison  this  is, 
I  think,  most  encouraging  for  the  future  of  electric  transmission. 
In  very  many  places  where  water  power  is  available — if  not  on 
the  Merrimac — an  actual  investment  of  $65  per  horse  power  will 
easily  cover  the  cost  of  the  hydraulic  installation,  and,  indeed, 
throughout  many  parts  of  the  west,  a  transmission  installation, 
starting  with  an  investment  of  $(55  per  horse  power  in  hydraulic 
plant  alone,  would  be  thought  to  carry  a  not  inconsiderable 
handicap.  When  compelled  to  compete  with  engines  using  about 
20  lbs.  of  feed  water  per  indicated  horse  power  per  hour,  and 
with  boilers  that  evaporate  8.5  lbs.  of  water  per  pound  of  coal, 
when  using  coal  worth  about  $2  per  long  ton,  such  a  plant  meets 
steam,  if  not  at  its  best,  at  least  entrenched  l>ehind  very  favorable 
conditions.  When,  in  addition  to  all  this,  the  service  is  limited 
to  the  operation  of  a  line  shaft  during  but  ten  hours  out  of  the 
twenty-iour,  steam  should  be  able  to  make  a  good  showing,  if 
ever.  It  is,  therefore,  1  think,  most  encouraging  to  those  inter- 
ested in  the  ])ossil)ilities  of  electric  transmission  from  water 
power,  that  Dr.  Eriiery  finds  that  an  hydraulic  and  electric  plant 
complete,  even  under  the  conditions  assumed,  can  cost  as  much 
as  $14:0  per  horse  power  delivered,  without  making  the  annual 
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cost  of  such  power  exceed  the  cost  of  steam  power.  Dr.  Emery 
remarks  that  if  power  can  be  sold  throughout  the  whole  twenty- 
four  hours,  the  investment  in  the  transmission  plant  may  be 
doubled,  and  upon  this  point  it  should  be  noted  that  the  chances 
of  selling  power  durinjiij  at  least  a  part  of  the  fourteen  hours  per 
day  during  which  the  line  shaft  is  assumed  to  be  idle  are  usually 
far  greater  in  the  case  of  the  transmission  plant  than  in  the  case 
of  the  steam  plant.  It  is  the  peculiar  advantage  of  electric  trans- 
mission that  the  power  is  delivered  at  the  end  of  the  transmission 
circuit  in  form  available  for  the  most  convenient  and  efficient 
distribution  for  both  lighting  and  power  purposes.  After  the 
line  shaft  is  shut  down  it  should  often,  if  not  always,  be  possible 
to  utilize  the  electric  energy  which  has  been  used  to  drive  the 
motors  by  employing  it  to  supply  lighting  circuits. 

And  now  let  us  see  how  Dr.  Emery's  deductions  must  be 
modified,  if  we  are  considering  the  second  of  the  above-defined 
classes  for  electric  transmission. 

Of  the  S140  constituting  the  limit  of  investment  in  hydraulic 
and  electric  machinery  for  ten-hour  service,  Dr.  Emery  charges 
against  the  hydraulic  plant  $(>5,  and  against  the  electric  plant 
$75.  We  may,  with  sufficient  a2)proximation  to  accuracy,  further 
divide  this  as  follows: 

Investment  in  hydraulic  machinery $65  per  ii.  p. 

KLECTUIC  PLANT. 

Gkjnerators 25  " 

Transmission   circuits,   including    step-up   and 

step-down  transformers,  if  any 25   "      *' 

Motors 25  *'      •* 

It  is  obvious  in  the  case  of  the  transmission  ])lant  we  shall  not 
have  to  purchase  motors,  for  use  in  the  secondary  or  sub-station, 
as  the  energy  delivered  from  the  transmission  circuit,  or  from 
the  secondary  terminals  of  step-down  transformers,  if  these  are 
used,  is  ready  for  distribution,  and  we  are  not  called  upon  to 
operate  a  line  shaft  at  the  sub-station  from  which  the  local  cir- 
cuits radiate.  On  the  other  hand,  a  competing  installation,  using 
steam  as  the  source  of  power  must  2)urchase  electric  generators 
to  put  the  energy  which  it  develops  into  form  suitable  for  distri- 
bution. As  compared  with  transmission  in  block,  therefore,  the 
second  and  far  more  general  class  of  transmission  plants  saves 
$25  per  horse  power,  because  motors  at  the  sub-station  are  not 
necessary,  while  the  steam  plant  requires  an  additional  invest- 
ment of  $25  per  horse  power,  for  tlie  reason  that,  in  order  to 
compete,  it  must  add  electric  generators  to  its  steam  equipment. 
The  net  advantage  in  favor  of  the  transmission  plant  is.  there- 
fore, roughly,  $50  per  horse  power.  Following  out  the  line  of 
Dr.  Emery's  reasoning  we  may  say,  then,  that  in  a  case  in  which 
power  is  to  be  distributed  in  comparatively  small  units  to  a 
number  of  points  it  will  be  good  economy  to  invest  $65  +  %^^ 
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=  $115  per  horse  power  in  hydraulic  apparatus,  and  in  the  d( 
velopment  of  the  water  power,  even  in  tnose  cases  in  which  th 
service  is  limited  to  ten  hours  per  day. 

When  the  power,  or  a  considerable  part  of  it,  can  be  utilize  m.^ 
during  twenty-four  hours  per  day,  instead  of  ten,  the  allowabd7]e 
investment  in  the  hydraulic  and  electric  machinery  required  t^cDj 
a  transmission  plant,  as  calculated  from  Dr.  Emery's  premij 
is,  as  he  points  out,  very  largely  increased,  and  it  would  not 
difficult  to  find  very  many  instances  in  which  the  figures  whi( 
he  assumes  for  operating  expenses,  interest,  dividends,  etc.,  won 
point  to  the  conclusion  that  it  would  be  good  economy  to  inv< 
several  hundreds  of  dollars  per  horse  power  in  hydraulic  appai 
tus  alone. 
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PaBKHCTRST   on    Ga.lv ANOMETEB8. 
[See  page  270,  ante,^ 

REPLY  TO  DISCUSSION,  COMMUNICATED  BY  THE  AUTHOR  AFTER 

ADJOURNMENT. 

Though  hardly  necessary  perhaps,  I  still  desire  to  add  a  few 
Twrords  to  the  discussion  upon  my  paper  upon  "A  Modified 
D'  Arsonval  Galvanometer,'  as  I  would  probably  have  had  that 
privilege  had  I  have  been  present  at  the  meeting. 

Referring  to  the  remarks  of  Mr.  Willyoung,  I  would  say  that 
I  Jiave  balanced  resistances  as  stated  by  me  on  page  279,  and  that 
there  was  no  mistake  about  it.     I  have  done  tiie  same  thing  in 
constructing  resistance  coils,  using  one  of  the  largest  and  best 
forms  of  Edelman  reflecting  galvanometer  as  the  mdicator,  and 
have  balanced  down  to  absolutely  no  reflection.     This  may  be 
extreme  accuracy  and  not  ordinarily  required;  but  1  wanted  to  see 
if  it  could  he  done,  and  did  it,  though  great  care  as  to  tempera- 
ture, etc.,  had  to  be  taken.     I  have  frequently  seen  the  case 
where  ^1^^  a  change  of  tension  in  the  wire  being  measured  would 
throw  out  the  balance  that  had  been  previously  obtained,  show- 
ing one  of  the  many  factors  that  must  be  considered  in  balancing 
resistance  for  extreme  accuracy. 

I  intended  to  insinuate  nothing;  but  I  now  do  say  that,  judgine 
from  their  products,  many  instrument  makers  do  not  understand 
what  good  instruments  are,  that  is,  good  in  aU  the  mechanical 
detail,  for  I  have  seen  many  that  no  one  could  repair  if  out  of 
order;  they  had  to  go  back  to  the  maker  for  some  simple  thing, 
and  it  looked  as  though  the  maker  had  purposely  made  the  in- 
strument in  that  manner  so  as  to  control  the  repairs.  I  do  not 
mean  to  say  that  anyone  and  everyone  should  try  to  repair  every 
instrument,  but  when  one  has  an  instrument  with  a  fibre  suspen- 
sion, that  suspension  is  liable  to  be  broken,  and  one  would  like  to 
be  able  to  put  in  a  fibre  with  the  least  trouble  in  the  way  of  dis- 
mounting, etc.,  and  in  the  simplest  manner.  Yet  I  have  seen  in- 
struments of  high  first  cost  in  which  no  one  but  an  expert  could 
replace  a  broken  suspension,  and  even  the  expert  needed  two 
pairs  of  hands  and  the  patience  of  Job  to  succeed. 

The  particular  form  of  D'Arsonval  instrument,  shown  by  Mr. 
Willyoung,  is  new  to  me  in  some  of  its  details,  and  I  am  obliged 
to  him  for  its  introduction. 

The  copper  coil  frame  was  used  by  myself  and  a  friend  of 
mine  in  some  instniments  that  we  made  in  1886,  but  neither  of 
us  thought  it  worth  while  to  try  to  secure  patents. 

The  first  D'Arsonval  instrument  1  made  was  a  copy  of  the 
Carpentier  instrument  referred  to,  and  was  made  in  1886-7.  It 
was  not  entirely  satisfactory  as  first  made,  and  improvements 
were  made  from  time  to  time,  finally  resulting  in  the  instrument 
described,  as  I  could  find  no  one  that  made  and  sold  the  instru- 
ment I  wanted.     I  did  not,  and  do  not,  intend  to  claim  any  origi- 
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nality  for  the  principle  of  the  instrument  described,  for  I  wcfl 
knew  that  it  had  been  invented  and  made  use  of  years  before  t^^ 
date  of  my  article. 

As  to  the  data  on  ins^'ruments,  I  may  have  been  fortunate      ^^ 
the  foreign  instruments  I  have  seen,  and  unfortunate  in  those      -^^^ 
American  make,  for  I  merely  recorded  the  results  of  my  obsi^ii^^" 
vation,  and  have  no  reason  as  vet  from  observation  to  chan^^^ 
my  opinion.     Some  of  tht*  Crerman  instruments  are  so  made  tliBk—- ^^ 
one  can  see  for  himself  the  nuinl)er  of  turns  of  wire  and  cou  J^^ 
them,  and  the  radius  is  given  or  can  be  measured  ;  on  others  t^^^^ 
complete  data  was  given.     But  nevertheless  I  am  glad  to  kno--"^^ 
that  there  are  American  made  instruments  that  do  contain  all  tl        ^^ 
data  necessary,  carefullv  measured  and  recorded.     As  I  referr^^^ 
to  tangent  galvanometers  alone,  the  fact  (which  I  already  knev^^^! 
that  resistance  boxes  are  carefully  and  properly  made  and  certilie  — 's^^ 
to  has  no  bearing  on  the  ease. 

As  to  the  Weston  instrument,  no  one  admires  it  or  appreciate^^^* 
its  full  merits  more  than  I  do.     At  the  time  I  made  my  tirst  ii 
stniinent  with  fibre  suspension,  I  tried  to  make  the  same  form  o 
pivot  support  with  spiral  springs  to  control  the  coil  and  allow  t\\m 
entrance  and  exit  of  the  current,  but  had  to  give  it  up  for  wan' 
of  proper  springs,  tis  steel  hair  springs  would  not  answer  m; 
pur|)ose,  and  I  could  then  get  no  other. 

There  must  be  some  mistake  as  to  scale  of  the  iUustration,  foi 
the  model  I  have  constructed,  made  from  the  original  drawing, 
has  a  bore  for  the  polar  space  exactly  IJ-inch  diameter,  and  that 
is  not  ''  very  nearly  two  inches,"  as   I   make  it  out.     "  If  at  first 
we  don't  succeed,  then  try,  try  again,''  is  my  motto  in  such 
case,  and  if  I  find  the  coil  too  heavy  then  I  certainly  will  throw 
it  away  and  *'  start  all  over  again,"  as  I  have  done  many  times- 
before,  and  if  I  can  find  any  better  scheme  for  supporting  the 
mirror  (I  already  have  one  in  mind  and  yet  have  not  seen  the 
instrument  shown),  I  certainly  will  trv  it. 

I  have  to  thank  the  gentlemen  for  their  remarks.  It  is  only 
by  discussion  that  we  learn  other's  ideas,  and  I  seem  to  have  suc- 
ceeded in  the  accomplishment  of  one  object,  i.e,^  causing  some 
attention  and  discussion  upon  some  points  that  I  thought  of  in- 
terest and  that  would  be  elucidated  thereby. 
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iate  members  elected  at  Council  Meeting,  June  6th,  1893. 


Name. 

ITT,  Edward  E. 


Aui»T,  E.  Carl 


;,  Henry  A. 


RA,  Arthur 


\V.  L.  R. 


Jhari.es  p. 


Nathaniel  S. 


N,  W.  C. 


s',  William  H. 


Francis  Pkttit 


Denney  W. 


nd-Smith,  F. 


Address.  Endorsed  by 

Member  of  Firm  of  Bartlett  &  Co. ,  W.  J.  Hammer. 

23  Rose  Street,  T.  C.  Martin. 

New  York  City.      Nikola  Tesla. 

Electrical  Engineer,  Louis  Duncan. 

Berlin,  Ontario,        G.  A.  Liebig.  Jr 
Canada.     H.  S.  Hering. 

Engineer,  Westinghouse  Electric  and  Chas.  R.  Cross. 
Mfg.  Co.,  15  Charles  St.,  Boston,  Giles  Taintor. 
Mass.  Harold  Binney. 

Electiical  Engineer.  H.  Ward  W.J.  Hammer. 
Leonard  &  Co.,  216  W^est  44th  Jos.  Wetzler. 
St.,  New  York  City.  Ralph  W.  Pope. 

Electrical  Engineer,  D.  C.  Jackson. 

General  Electric  Co.,  H.  F.  Parshall. 

44  Broad  St.,  New  York  City.   Gilbert  Wilkes. 

Electrician,  T.  J.  Smith. 

The  E.  S.  Greeley  &  Co.  Laboratory,G.  A.  Hamilton. 

Green  bush,  N.  Y.  Ralph  W.  Pope. 

Electrical  Engineer,  Electrical  En- Ralph  W.  Pope, 
gineering  Co.,  711  Jones  St.,  San  W.F  C.Hasson. 
Francisco,  Cal.  Geo.  P.  Low. 

Electrician  in  Motor  Department,  W.  J.  Hammer, 
Edison  Electric  Illuminating  Co.,  T.  C.  Martin. 
808  Greene  Ave.,  Brooklyn,  N.  Y.  Ralph  W.  Pope. 

General  Electric  Co.,  W.  J.  Jenks. 

44  Broad  Street,  W.  J.  Hammer. 

New  York  City.       R.  T.  Lozier. 

Electrician.  W.  D.  Weaver. 

Westinghouse  Electric  &  Mfg.  Co.,  C.  O.  Mailloux. 

Pittsburgh,  Pa.  W.  J.  Hammer. 

Student,  Cornell  University,  Ithaca,  H.  J.  Ryan. 
N.  Y.;  Residence,  414  Langdon  E.  L.  Nichols. 
St..  Alton,  111.  Ernest  Merritt. 

Resident  Agent.  Gano  S.  Dunn. 

Syracuse  Steel  Foundry  Co.,       C.  O.  Mailloux. 

26  Cortlandt  St.,  New  York  City.  Ralph  W.  Pope. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  October  18th,  1895- 

The  80th  meeting  of  the  Institute  was  held  this  date  at      ^ 
West  3l8t  Street,  and  was  called  to  order  by  President  Hou&^^^^ 
at  8  p.  M. 

)P%The  Secretary: — I  have  the  following  announcements  to  ma'**^* 
At  the  meeting  of  Council  this  afternoon  the  following  associ 
members  were  elected : 


.te 


Name. 

Bentley,  Merton  H. 


Fleming,  Richard 


McCrossan,  J.  A. 


Osborne,  Loyall  Allen 


RoBB,  Russell 


Sykes,  Henry  H, 


Total  6. 


dt. 


Address.  Endorsed 

Chicago  Telephone  Co.,  A.  V.  Abbc:::^^.' 

221  Scoville  Ave..  A.  S.  Hibba.-^=^* 

Oak  Park,  111.  C.  K.  MacFadd— '*^" 

Supt.  and  Electrician,  W.  A.  Kreidli 

Rockford  Electric  Mfg.  Co  ,  F.  B.  Ba—        ., 

Rockford.  III.  A.  E.  Bradd^^"' 

Manager  and  Electrician,  Citizens*  Norman  N. 

Telephone  and  Electnc  Co.,  Rat  Ralph  W.  P 

Portage,  Ontario.  G.  A.  Hamilto 

Engineer  and   Electrician,    West-  Philip  A.  Lan 

inghouse  Electric  and  Mfg.  Co.,  F.  N.  Watermar 

29  Plane  St.,  Newark,  N.  J.  Charles  A,  ~ 

Electrical  Engineer, 

with  Stone  &  Webster, 
4  Post  Oflfice  Sq.,  Boston,  Mass. 

Assistant    Electrician,    American 
Telephone  and  Telegraph  Co., 


C.  A.  Slon^- 
E.  S.  Webster 
Theo.  Spence^ 

F.  A.  PickemelC 
L.  Stieringe 


^1. 


75  Hicks  St.,  Brooklyn,  N.  Y.  Thos.  D.  Lockwood 


The   Council  also,  this  afternoon,   authorized   the   followin 
change  in  tlie  plan  of  announcing  the  election  of  associate  mem 
bers.     Tliat  is,  the  names  which  are  handed  in  to  the  Secretarjr^ 
will  be  printed  in  the  Transactions  one  month  in  advance  o^ 
action  by  Council,  so  that  if  any  objection  be  raised  to  propoeedL 
candidates,  members  will  have  a  month  to  tile  that  objection  witb 
the   Secretary.     I  have   to  announce,  in   accordance  with  thii» 
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Q,  the  following  names  which  will  be  printed  in  the  next 
of  the  Tbajisaotions,  together  with  such  names  as  may  be 
ed  in  hereafter : 


Name. 
dlDGE,  £.  L. 


lER,  ChAS.  T. 


AMS,  Frank  A. 


Address.  Endorsed  by. 

Inspector,  Electrical  Engineering  L.  S.  Boggs. 

Dept.,  World's  Columbian  Ex-  O.  G.  Doidge. 

position.  66  No.  Oxford  Street,  Wm.  H.  Cothren. 
Brooklyn,  N.  Y. 

Inspector,  Electrical  Engineering 
Dept.,  World's  Columbian  Ex- 
position, Tacoma,  Washington. 

Safety  Insulated  Wire  and  Cable 
Co.,  25  Washington  Avenue, 
Newark,  N   J. 


L.  S.  Boggs. 

O.  G.  Dodge. 

W.  H.  Cothren. 

W.  J.  Hammer. 
F.  R.  Upton. 
W.T.  M.Mottram. 


R,  Wm.  L. 


E,  D.  McFarlan,  Electrical  Engineer.General  Elec-  T.  C.  Martin. 

trie  Co.,  44  Broad  Street,  New  Jos.  Wetzler. 

York  City.  Edwin  J.  Houston. 

FIELD,  Arthur  Newhall  Assistant  Electrician,  Amer-     F.  A.  Pickemell. 

ican  Telephone  and  Teleg.  Co.,       Chas.  R.  Cross. 
153  Cedar  St.,  New  York  City.      G.  A.  Hamilton. 

EVANT,  Charles  L.     Patent  Attorney,  Atlantic  Build-  W.  A.  Rosenbaum. 

ing,  Washington,  D.  C.  Townsend  Wolcott. 

F.  L.  Freeman. 

Assistant  Professor  of  Electrical       Chas.  R.  Cross. 
Engineering,  Mass.  Institute  of  H.  V.  Hayes. 

Technology,  Boston,  Mass.  Geo.  W.  Blodgett. 

'OCK,  Louis  K.  Contracting  and  Consulting  Eng^-  Frank  J.  Sprague. 

neer,     Monadnock      Building,   C.  T.  Hutchinson. 
Chicago,  Hi.  Geo.  P.  Low. 

IN,  Herbert  S.  Assistant  Electrician,  City  of  Ho-  Edw.  Durant. 

boken,     Police     Headquarters,       James  Hamblet. 
Hoboken,  N.  J.  J.  P.  Wintringham. 

Consulting    Electrical'  Engineer,       W.  J.  Hammer. 
General  Electric  Co.,  44  Broad  W.  J.  Jenks. 

St.,  New  York  City.  A.  E.  Kennelly. 

Consulting  Electrical  Engineer,  50      W.  J.  Hammer. 
Broadway,  New  York  City.  H.  A.  Foster. 

Edwin  J.  Houston. 

Manager,  Electrical  Dept.,  Plain-  R.  W.  Pope, 

field  Gas  and  Electric  Light  Co.,  E.  A.  Merrill. 

25  Madison  Ave, Plainfield, N.J.  W.  M.  Miner. 

RSON,  Oliver  R.  Electrician,  Western  Union  Tele-      James  Hamblet. 

graph  Co.,  195  Broadway,  P.O.    G.  W.  Gardanier. 


N,  Harold  P. 


lER,  Chas.  H. 


URG,  W.  A. 


N,  Leonard  C. 


lka,  Dr.  Johann 


tNS.  W.  Lb  Conte, 


Daniel  W. 


Box  3393,  New  York  City. 

Head  Draughtsman  with  F.  S. 
Pearson,  199  Harvard  Street, 
Brook  line,  Mass. 

Decent  of  Electrotechnics,  Tech- 
nische  Hochschule,  Vienna, 
Austria. 

Professor  of  Physics,  Rensselaer 
Polytechnic  Institute,  Troy, 
N.  Y. 


Assistant  Professor  of   Electrical 
Engineering  and  Physics,  Uni- 


Alfred  S.  Brown. 

J.  P.  B.  Fiske. 

Chas.  R.  Cross. 

F.  S.  Pearson. 

Ralph  W.  Pope. 

N.  S.  Keith. 

Townsend  Wolcott. 

Samuel  Sheldon. 

Edw.  L.  Nichols. 

James  Hamblet. 

Samuel  Sheldon. 
H.  V.  Hayes. 


versity  of  III.,  Champaign,  III.  Dugald  C.  Jackson. 
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McKay,  C.  R. 


Capuccio,  Mario 


HrnsoN,  John  E. 


Sage,  Henry  Judson 


Martin,  William  B. 


Frost,  Francis  R. 


Serva,  a   a. 


Requier,  a.  Marcel 


Jaeger,  Charles  L. 


Redfieli),  George  W. 


McCrosky,  James  W. 


Corey,  Frkd.  B. 


Norton,  Elbert  F 


Consulting  Engineer,  140  South 
Main  Street,  Salt  Lake  City, 
Utah. 

Electrical  Engineer,  Piazza  Sta- 
tute 15,  Corino,  Italy. 


Louis  Duncati. 
Samuel  RcbcT 
H.  S.  Herit^S 
T.  C.  Martin 

Ralph  W.  Pope. 

G.  S.  Albaixcsc 

H.  V.  Hayes. 
Francis  Blxa-^c. 
I.  H.  Famlx^m- 
Chas.  R.  Ci^oss. 
E.  M.  Bar  t  on. 
P.  H.  AlcMD  «iicr. 


President,  The  American  Bell 
Telephone  Co.,  125  Milk  Street, 
Boston,  Mass. 

Electrical  Engineer,  Telephone 
Dept.,  Western  Electric  Co., 
227  S.  Clinton  St.,  Chicago,  111. 

Supt.   of    Construction,    Western  J.  Stanford  Brc»  '^wn 
Electric  Co.,  393  Pleasant  Ave., 
New  York  City. 

Assistant  in  Electrical  ^Testing, 
Bureau  of  Awards,  World's 
Fair,  Ithaca,  N.  Y. 

Assistant,  Bureau  of  Awards, 
World's  Fair, 
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promptly  notify  the  Secretary  if  there  be  any  objection  to  their    ^^^ 
election. 
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Report  of  Meeting  of  Board  of  Examiners,  October  3d,  1893. 
Present— Messrs.  W.  B.    Vansize,  Chairman;  E.    T.   Birdsall.  G.  A    Hamilton 
and  E.  P.  Thompson  ;  K.  W.  Pope.  Secretary,  present  ex  ojficio. 
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13 


26 


13 


31 


The  President: — If  the  Institute  will  pardon  me,  I  would 
like  to  bring  up,  somewhat  out  of  place,  an  important  matter 
which  will  take  but  a  moment.  At  the  last  meeting  I  made 
certain  recommendations  in  my  inaugural  address  concerning 
work  which  it  was  proposed  that  the  Institute  should  undertake, 
some  few  matters  which  were  left  incompleted  by  the  late  Elec- 
trical Congress.  The  committee  appointed  for  this  purpose,  now 
offers  the  following  provisional  report.  I  have  been  asked  to 
read  it,  as  chairman  of  the  committee. 

**  Report  of  the  Committee  appointed  by  th^  Institute  to  consider  certain  mat- 
tera  of  general  imparlance  in  electrical  engineering  that  hare  incidentally  been  left 
undetermined  by  the  recent  Electrical  Congreuft  at  Chicagtf." 

'*Your  commiltee  considers  that  there  are  four  subject.s  of  sufticient  im- 
portance to  call  for  the  consideration  of  the  Institute." 

**  1.  The  search  for  an  accurately  reliable  concrete  standard  of  light." 
'*  2.  The  establishment  of  a  unit  and  standard  of  illumination." 
**  3.  The  recommendation  of  certain  practical  magnetic  units." 
**4.  The  establishment  of  certain  precedents  in  regard  to  nomenclature." 
"Your  committee  recommends  that  an  appeal  be  made  to  the  leading  uni- 
versities and  colleges  of  the  country,  possessing  electrical  laboratories,  for  aid 
in  dealing  with  the  first  two  considerations  regarding  illumination." 

**  The  last  two  considerations  are  recommended  for  relegation  to  the  regular 
committee  of  the  Institute  on  units  and  standards." 

Edwin  J.  Houston,  Chairman. 
William  E.  Geyeu, 
A.  E.  Kennelly, 
Carl  Bering. 

Dr.  Emery  : — I  move  that  the  report  be  accepted  and  that  the 
action  recommended  be  taken. 
[The  motion  was  carried.] 
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The  PBEsroENT : — Gentlemen,  I  would  like  to  say  a  few  words. 

I  trust  the  Institute  will  do  all  that  it  can  to  further  work  of 
this  character.  I  feel  that  in  undertaking  it  the  Instttutk  is 
entering  upon  an  era  of  usefulness  greater  even  than  the  marked 
usefulness  it  has  shown  in  the  past.  We  certainly  have  in  the 
American  Institute  of  Electrical  Engineers  an  exceedingly  able 
body  of  men.  We  are  competent  to  take  up  questions  of  this 
character  and  thoroughly  deal  with  them.  The  Council  urges  on 
each  and  all  of  you  the  importance  of  this  work.  As  to  whether 
or  not  it  will  be  successful  depends  of  course  entirely  on  the 
amount  of  intelligent  effort  which  is  put  into  it.  If  we  allpnil 
together  and  work  in  this  matter  we  can  do  a  great  deal  of  good 
to  that  science  of  which  we  are  so  fond.  It  has  been  determined 
to  make  this  distinctively  Institute  work,  so  that  nobody  will  be 
asked  to  take  part  in  the  work  who  is  not  a  member  of  the 
Institute. 

I  would  like  to  say  on  behalf  of  the  committee  that  1  repre- 
sent, that  it  will  be  pleased  to  receive  suggestions  from  any  mem- 
bers of  the  Institute,  either  as  regards  the  method  of  carrying 
on  this  work,  or  the  names  of  the  parties  to  whom  it  would  be 
proper  to  relegate  it.  The  work  will  be  apportioned  somewhat 
m  this  way :  it  is  our  idea  to  invite  co-operation  of  every  insti- 
tute of  learning,  such  as  a  college  or  university,  or  any  in8titiiti"n 
that  has  a  good  working  physical  laboratory.  Local  sub-commit^ 
tees  will  be  appointed  to  undertake  experimental  work  to  dete^ 
mine  these  quantities. 

I  take  great  pleasure  in  introducing  to  you  Dr.  Frederick 
Bedell,  who  will  read  a  paper  on  ''  Hedgehog  Transformer  and 
Condensers." 


4.  Mp€r  prtstmttd  at  th*  Eightieth  Meeting  of  the 
American  Institute  of  Electrical  Engineers^ 
New  Yerky  October  iSth,  1893 .  President 
Housten  in  the  chair. 


HEDGEHOG  TRANSFORMER  AND  CONDENSERS. 


BT  FREDERICK  BEDELL,  K.  B.  MILLER  AND  G.  F.  WAGNER. 


The  transformer  is  an  instrument  which  still  continues  to 
attract  the  attention  of  the  scientist  and  of  the  engineer,  and  no 
method  for  its  investigation  and  study  is  more  interesting  than 
the  experimental  method  whereby  the  instantaneous  changes  in 
the  periodically  varying  quantities  are  made  known.  We  refer  to 
the  method  of  instantaneous  contact.  The  transformer  with  an 
open  magnetic  circuit  has  been  the  subject  of  much  controversy, 
and  it  is  upon  such  a  transformer  that  the  following  experiments 
were  made.  We  have  no  intention,  however,  of  reviving  the 
question  of  '*  open  ver&us  closed  magnetic  circuit  transformers,'* 
which  received  so  much  attention  a  few  years  ago. 

In  this  investigation  a  modification  of  the  method  of  instan- 
taneous contact  was  applied  to  the  study  of  an  open-magnetic- 
circuit  transformer  known  as  the  "  Iledgehog,"  experiments  being 
made,  first  with  the  transformer  under  usual  conditions,  and  then 
with  condensers  connected  in  parallel  with  the  primary. 

A  large  part  of  the  credit  for  this  work  should  be  given  to 
Prof.  Ryan,  who  was  interested  in  it  from  the  start,  and 
to  whom  we  are  indebted  for  valuable  assistance  throughout  the 
investigation. 

For  convenience,  we  will  divide  the  paper  into  three  parts, 
describing:  first,  the  apparatus  and  methods  of  measurement; 
second,  the  experiments  with  the  transformer  alone  under  the 
ordinary  conditions  of  working  on  a  1,000-volt  circuit;  and  third, 
the.  experiment  in  which  condensers  were  shunted  around  the 
primary  of  the  transformer. 
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Part  I. 
Apparatus  and  Method  Employed. 

For  the  complete  analysis  of  alternating  current  phenomena, 
we  should  know  not  only  the  value  of  each  changing  quantity  at 
every  part  of  its  period,  but  we  should  know  the  phase  relations 
between  the  several  varying  quantities ;  that  is,  the  relationB  be- 
tween their  respective  zero  and  maximum  values.  To  enable  us 
to  do  this,  the  method  of  instantaneous  contact  has  come  into 
use,  in  which  a  revolving  contact  is  made  at  a  particular  part  of 
the  period  in  such  a  way  that  we  may  ascertain  the  value  at  that 
particular  instant  of  any  of  the  varying  quantities  measured.  This 
method  is  of  historical  «is  well  as  scientific  interest,  inasmuch  as 
it  was,  originally  devised  simultaneously  on  each  side  of  the  At- 
lantic, and  has  since  been  modified  and  developed  by  many  in- 
vestigators. 

An  interesting  account  of  the  development  of  the  method  of 
instantaneous  contact  is  given  by  Dr.  Nichols  in  his  address,  as 
Vice-President,  before  the  physical  section  of  the  American 
Association  for  the  Adancement  of  Science,  upon  "  The  Phenom- 
ena of  the  Time-infinitesimal,"^  and  a  brief  review  may  now  be 
in  place,  previous  to  the  description  of  the  present  modifica- 
tion. 

In  the  year  1880,  Joubert^  made  use  of  the  device  in  his  study 
of  the  changes  in  potential  of  an  alternating  current  dynamo  and 
between  the  terminals  of  the  Jablochkoff  candle,  and  pointed 
out  the  use  of  the  quadrant  electrometer  in  alternating  current 
measurement.  In  the  same  year  B.  F.  Thomas,  in  this  country, 
devised  the  method  independently,  and  made  use  of  a  condenser 
and  ballistic  galvanometer.  His  paper  before  the  American 
Association  for  the  Advancement  of  Science' that  year  was  pub- 
lished by  title  only,  and  his  experiments  were  unpublished  until 
presented,  by  request,  at  a  meeting  of  this  Institute*  last  year. 


1.  E.  L.  Nichols  :  Proccedinqs  Am.  Assoc,  for  the  Adv.  of  Sr.,  Madison  Meet- 
ing, vol.  xlii.,  1893. 

2  JoiilxTt :  **Sur  les  Courants  alternatifs  el  la  force  electromo live  ile  Tare 
electriqiio."     Cojuptes  Jiendvs,  91.  \).  161,  July  19.  1880. 

3.  Henry  Morton  and  B.  F.  Thomas  :  "  Observations  on  the  Electromotive 
Forces  of  the  Brush  Dynamo-electric  Machine."  Proceedings  A.  A.  A.  S.,  vol. 
xxix.,  p.  277,  1880. 

4.  B.  F.  Thomas  :  '*  Notes  on  Wiping  Contact  Methods  for  Current  and  Po- 
ential  Measurement."    Tra.n8act[ons,  A.  I.  E.  E.,  vol.  ix.,  p.  268,  1892. 
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In  1888,  the  method  was  used  by  Duncan,  Hutchinson  and 
'ilkes,^  who  applied  it  to  the  study  of  induction  coils  and  trans- 
rmers,  and  obtained  the  first  complete  set  of  curves  for  this 
sts8  of  alternating  current  apparatus.  In  the  same  year  it  was 
ed  in  France  by  Meylan,^  in  a  study  of  the  vibratory  call-bell 
'  Abdank,  and  at  Stevens  Institute,  in  an  investigation  of  the 
''estinghouse  Alternator  by  Searing  and  Hoflfman.^ 

Then  followed  its  use  by  various  investigators,  Ryan  and 
lerritt,*  Humphrey  and  Powell,*  Tobey  and  Walbridge,* 
[arks,'  Herschel,^  Fortenbaugh  and  Sawyer,*  all  of  whom  used 

in  the  study  of  alternating  current  phenomena  and  have  com- 
lunicated  their  results  before  this  Institute.  Subsequently  the 
ethod  has  been  employed  for  different  lines  of  investigation 
iT  Archibald  and  Teeple,*^  Thompson,"  Ryan,^*  Hopkinson,**  and 
modification  has  been  used  by  Duncan^*  in  which  simultaneous 
irves  are  rapidly  obtained  by  the  use  of  several  dynamometers. 

This  is  the  history  of  the  method  from  its  first  use  to  the  wri- 
ng of  this  paper. 

The  features  introduced  in  the  method  as  employed  in  the 
resent  investigation  are  two ;  first,  the  use  of  a  revolving  con- 
ict-maker,  in  which  the  contact  is  made  by  a  needle  passing 


1.  Duncan,  Hutchinson  and  Wilkes:  "Experiments  on  Induction  Coils." 
lUetricai  World,  vol.  xi.,  p.  160.  1888. 

2.  Meylan :  "Sur  les  Apples  Magnetiques/'  La  Lumih'e  ji/ecirique,  vol. 
xvii  ,  p.  220,  1888. 

8.  Searing  and  Iloflfman :  "Variation  of  the  Electromotive  ^Force  in  the 
.rmature  of  a  Westinghouse  Dynamo.*'  Journal  of  t/te  Franklin  Institute, 
ol.  123,  p.  93. 

4.  Kyan ;  "Transformers."    Tiian8actiok8.  vol.  vii,  p.  1.  1889. 

6.  Humphrey  and  Powell ;  '•  Efficiency  of  Transformers."  Tbaksactigns, 
ol.  vii,  p.  811. 

6.  Tobey  and  Walbridge ;  ••  Investigation  of  the  Stanley  Alternate-current 
lTc  Dynamo."    Traksaciions,  vol.  vii,  p.  367. 

7.  Marks;  TaANSACTiONe,  vol.  vii,  p.  824. 

8.  Herschel ;  Transactions,  vol.  vii,  p.  328. 

9.  Fortenbaugh  and  Sawyer  ;  TRANeACTiONS,  vol.  vii,  p.  334. 

10.  Michols;  "On  Alternating  Electric  Arc  between  a  BaUand  a  Point." 
[merican  Journal  of  Science,  vol.  xli,  p.  1. 

11.  M.  E.  Thompson;  ** Study  of  an  Open-coil  Arc  Dynamo."  Transac- 
I0N8.  vol.  viii,  p.  875. 

12.  Ryan ;  **  Relation  of  tlie  Air  Gap  and  the  Shape  of  the  Poles  to  the  Per- 
:)nnance  of  Dynamo  electric  Machines."    Transactions,  vol.  viii,  p.  451. 

13.  Hopkinson  ;  "  Dynamo  Machinery  and  Allied  Subjects,"  p.  187. 

14.  Duncan;    "Note  of  some  Experiments  with  Alternating  Currents." 

?BAH8ACTION8,  VOl.  ix,  p.  179. 
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throngh  a  water-jet ;  and,  second,  the  nse  of  a  condenser  to  dis- 
place the  zero  of  an  electrostatic  potential  instrament,  so  that 
readings  are  taken  at  tlie  best  portion  of  the  scale. 

A  general  view  of  the  revolving  contact-maker  is  ^renia  Fig. 
1,  and  a  detailed  view  in  Fig.  2.  The  whole  instrament  is  snp- 
ported  by  a  stationary  frame  F.    The  shaft  a  is  connected  to  the 


Fia.  1.— Bwlell-Kyan  Itevulving  CoDtact-Muker. 


armature  shaft  of  tiie  dynamo  by  a  coupling  (not  shown)  on  the 
end  of  the  rod  k,  and  caiTies  the  disk  d.  which  revolves  with  it. 
The  needle  n  projects  from  thi.s  disk  and  forms  one  of  the  elec- 
trodes of  the  contact.  The  otlier  electrode  is  a  line  water-jet  (not 
shown)  issuing  from  the  nozzle  j,  well  insulated  by  hard  rubber 


18S8.] 


BBDBLL  ON  UEDOSHOQ  TBAIfSFOSMBB. 


froiQ  the  rest  of  the  iDBtrumeDt.  This  fine  jet  is  msiotained  from 
a  jar  of  water,  several  feet  above,  to  which  it  is  connected  by  a 
flexible  rubber  tnbe.  Electrical  connection  is  maintained  with 
trhe  water-jet  by  a  wire  w,  which  passes  through  tbie  tube  and  is 


soldered  to  the  nozzle  j.  Electrical  connection  with  the  needle- 
point electrode  is  obtained  through  the  sliaft  and  frame  of  the 
iiigtrument.  The  needle  cuts  tbe  water  jet  once  in  every  revolution 
of  the  armature  of  the  dynamo  and  makes  a  contact  wliich  is  well 
defined  and  unvarying.     Tbe  iiozzle  of  tbe  water-jet  is  carried 


upon  an  index-disk  i,  whicli  can  be  turned  into  any  position  by 
revolving  it  upon  a  projecting  collar  of  the  frame,  which  formi 
its  bearing.  The  water-jet  is  held  in  any  position  by  recuring 
the  indeji-disk  by  means  of  the  set-screw  c  iu  the  toji  of  the  frame. 
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Its  poBition  is  indicated  by  the  pointer  p,  upon  the  scale  on  the 
circumference  of  the  index-disk,  which  is  graduated  in  degreeg. 
The  needle  cuts  the  water-jet  very  near  the  nozzle,  at  a  point 
where  the  jet  is  quite  stiff,  due  to  the  head  of  water.  The  nozzle 
is  radial,  and  the  jet  keeps  the  direction  of  the  nozzle  for  some 
little  distance  before  being  materially  deviated  by  gravity.  A 
little  salt  was  put  in  the  water  to  increase  the  conductivity  of  the 
jet.  Pure  water  would  not  work ;  acidulated  water  corroded 
the  nozzle,  thus  changing  the  jet. 


RACK  HOtOtNO 
•0  50-VOtTUU«P« 


Jr«rfU»  #  l^mtm,  Mmgr't^JI.B 


CONTACT  MAKER 

Fig.  5.  —Diagram  of  Connections,  Transfornic  r  Test. 


It  was  after  working  for  some  time  with  various  mechanical 
contact-makers,  that  this  water-jet  form  was  devised.  It  came 
up  to  our  exj)ectation6  in  every  respect,  the  contact  being  per- 
fectly constant  and  reliable,  and  free  from  the  changes  always 
found  in  a  mechanical  device,  due  to  the  wearing  away  of  the 
contacts.     This  constancy  is  particularly  necessary  in  an  instni- 
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ment  which  \e  to  be  used  in  an  extended  investigation,  during; 
which  any  change  wuuld  be  fatal.  By  inaintaiuing  a  tiue,  strong 
Jet,  for  which  a  head  of  tive  or  ijix  feet  is  ample,  and  using  a  fine 
needle  close  to  the  nozzle,  the  instrnnieiit  may  lie  need  with  great 
precision  and  neetlrf  but  little  attention,  running  every  night  for 
weekn  with  scarcely  any  interruption.  Of  course,  the  accuracy 
of  the  instrument  ih  increased  as  the  diainetent  of  the  disks  are 
made  greater. 

For  use  in  another  investigation,  in   which  it  was  desired  to 
ohtain  measurements  for    several    consecutive  cycles,    without 
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interruption,  the  ini^truinent  wa.-<  made  so  that  the  needle  could 
be  secured  in  the  disk  i>,  by  screwing  it  into  any  of  the  four 
holes  H,  thus  making  it  pussible  to  have  the  contact  made  with 
the  armature  in  any  desired  position,  without  moving  the  uozzle 
more  than  forty-tive  degrees  from  the  vertical. 

This  contact-maker  was  used  with  a  Thomsou  Multicellular 
voltmeter,  as  shown  in  Fig.  3.  The  difference  of  poteDtinl  be- 
tween a  and  h  is  to  be  measured.  The  coudenBer  c„  is  kept 
charged  to  this  potential  to  be  measured,  being  connected  through 
the  contact-maker.    The  voltmeter  used  reads  between  40  and 
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120  volts.  Its  zero  was  dUplaced  by  the  condenser  (^,  in  seriM 
with  it,  which  was  kept  charged  to  about  80  volts  \  tliat  ie,  the 
voltmeter  reading  indicated  the  eiim  of  the  potentials  of  the  tvo 
coTideneers  o  and  Cg.  so  that  a  reading  of  SO  volte  indicated 
that  there  was  no  difference  of  potential  between  the  tenninili 
of  condenser  o,,  or  between  a  and  h ;  a  reading  of  85  volts  iiiili- 
cated  5  volts  difference  of  potential  and  so  on. 

When  a  difference  of  potential  beyond  the  range  of  the  inslra- 
ment  was  to  be  read,  the  apparatus  was  arranged  as  in  Fig.4;  for 
instance,  suppose  it  was  desired  to  obtain  the  difference  of  po- 
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tential  between  a  and  b.  These  points  were  connected  by  a  noD- 
induetive  reaiHtance,  and  the  differenc*  of  potential  was  measured 
around  a  known  portion,  a,  h,  of  this  resistance,  and  the  whole 
difference  of  potential  between  a  and  b  calculated. 

Measurement  of  current  was  obtained  by  the  potential  instru- 
ment in  a  similar  way.  A  non-inductive  resistance  was  inserted 
in  the  circuit,  in  which  the  current  was  to  be  measured,  as  in 
Fig.  4.  From  tlie  curve  represeutingtbe instantaneous vahiesof 
E.  M.  F,  around  these  lamps,  the  square  root  of  the  mean  square 
value  of  the  e.  m.  f.  was  determined.     The  lampawere  previously 
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calibrated  by  a  continnoiis  current  and  their  resistance  determined 
:for  any  value  of  e.  m.  f.  at  their  terminals.  For  an  alternating 
ourrent  their  resistance  was  ascertained  from  this  calibration  for 
"the  square  root  of  the  mean  square  value  of  the  e.  m.  f.  at  their 
■terminals  and  this  value  of  their  resistance  was  used  to  obtain 
the  instantaneous  values  of  the  current  from  the  instantaneous 
v^alues  of  e.  m.  f.  in  accordance  with  Ohm's  law. 

The  multicellular  voltmeter  is  ordinarily  a  slow  instrument  to 
read.  Readings  were  quickened  by  a  pneumatic  damping  ar- 
rangement, devised  by  Professor  Ryan,  consisting  of  two  rubber 
tubes,  each  connected  at  one  end  to  the  same  rubber  bulb,  their 
other  ends  terminating  in  fine  glass  tubes  leading  down  through 
the  glass  cover  of  the  voltmeter.  By  pumping  air  from  the  bulb 
through  one  or  the  other  of  these  tubes,  a  draught  could  be 
produced  against  the  needle,  so  as  to  oppose  its  motion  and  bring 
it  quickly  to  rest. 

Part  II. 

Test  of  Transfokmer  Alone. 

The  transformer  upon  which  these  experiments  were  made, 
is  a  60-light,  Hedgehog  transformer,  built  on  the  general 
lines  of  an  old-fashioned  induction  coil.  A  thin  casting  of 
gun-metal,  cross-shaped  in  section,  runs  through  its  centre 
and  supports  the  flanges  of  the  spool.  The  four  angles 
of  this  casting  are  filled  with  soft  iron  wires,  running  length-wise, 
thus  forming  a  cylindrical  core.  These  wires  are  considerably 
longer  than  the  castings  and  are  spread  out  at  their  free  ends, 
thus  making  a  partial  return  for  the  magnetic  lines.  Half  the 
secondary  turns  are  first  wound  around  this  core,  then  all  the 
primary,  and  finally  the  other  half  of  the  secondary.  The  pri- 
mary consists  of  1426  turns  of  wire  0.072^  in  diameter,  arranged 
in  twelve  layers.  It  has  a  resistance  of  2.748  ohms  and  weighs 
twenty-nine  pounds.  The  secondary  consists  of  seventy-three 
turns  of  19/0.058  cable,  in  two  layers.  Its  resistance  is  .0149 
ohms,  and  weight  12.5  lbs.  The  transformer  is  designed  for  a 
primary  potential  of  1,000  volts,  with  a  frequency  of  130. 

This  transformer  was  supplied  with  current  from  a  Westing- 
house  alternator  with  a  frequency  of  133.  The  potential  was 
kept  constant  at  1,154  volts  by  varying  the  exciting  current. 
The  connections  were  as  shown  in  Fig.  5.  The  primary  e.  m.  f. 
was  measured  by  measuring  the  fall  of  potential  around  a  portion 
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of  the  Qon-ind  active  resistance  r„  which  consisted  of  a  geriea  of 
50-voIt  incandescent  lamps  arranged  between  the  maiiM,  w 
shown.  The  secondary  e.  m.  f.  was  similarly  found,  bj  meaBniing 
the  fall  of  potential  around  one  of  tlie  three  lampo,  s^,  placed  Id 
aeries  across  the  secondary  terminals.  Tlie  primary  cnrrent  wu 
found  from  the  fall  of  potential  around  the  incandescent  Umpe, 
K,,  in  the  primary  circuit.  The  number  of  these  lamps  wbs» 
adjusted  that  the  fall  in  potential  would  l)e  in  the  range  of  the 
voltmeter.  The  lamps  were  carefully  calibrated  for  current  st 
different   pressures   by    means   of  a  direct   current,  and  curves 


1 

' '  1 

,  1 

/' 

--N 

, 

1 

/ 

\ 

* 

1 

i 

,.  ^ 

/ 

' 

K 

1 

- 

v 

-- 

m 

•V 

/ 

\ 

/' 

, 

\ 

/ 

\ 

1 

\ 

/ 

} 

/ 

%% 

\ 

^ 

/ 

1 

§b 

/ 

— 

^ 

^ 

'/ 

' 

' 

— 

T\ 

§; 

tn 

/ 

r^ 

^ 

'    1 

'-V 

\ 

1 

, 

\ 

i  p 

\ 

/ 

""" 

*"'r " 

_ 

__ 

_j 

L 

— 



^ 

_L- 

Flu.  tj. 


drawn,  from  which  the  current  could  be  determined  for  any 
pressure. 

It  is  evident  that  the  drop  through  these  lamps  would  diminish 
the  total  impressed  e.  m.  f.  of  the  primary,  and  a  correction  was 
accordingly  made  for  this,  by  deducting  from  the  instentaneuaR 
values  of  the  total  line  v..  m.  k.,  the  instantaneous  values  of  the 
fall  in  potential  around  these  lamps  %  to  obtain  the  actual 
iinpresiied  e.  m.  k.  of  the  primary. 

Wires  were  led  from  the  terminals  of  the  various  resistance!, 
around  which  measurements  were  taken,  to  a  email  hard-rubber 
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switch-board  above  tiie  voltmeter,  by  meaoB  of  which  connections 
'were  readily  made  for  measuring  the  several  E.  m.  F.'e.  Instead 
of  obtaining  each  complete  curve  independently,  :i  reading  cor- 
responding to  a  certain  position  of  the  annatare,  was  taken  for 
each  curve,  without  changing  the  positiun  of  the  contact-maker. 
The  water-jet  was  then  moved  to  a  new  position,  and  readings 
again  taken,  one  for  each  curve.  This  raetliod  prevents  the  rela 
tive  displacement  of  the  different  curves. 

The  secondary  load  consisted  of  a  non-inductive  resistance,  u  , 
composed  of  si-vty  50-volt  incandescent  lamps,  mounted  upoi  a 
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frame  in  such  a  manner  that  any  number  of  tamps  could  be 
turned  on  or  off.  It  was  planned  to  measare  the  secondary 
current  by  means  of  a  calibration  of  these  lamps,  but  it  was  found 
on  recalibrating  them,  at  the  end  of  the  work,  that  their  resistance 
had  increased  considerably,  so  this  method  had  to  he  abandoned. 
The  secondary  current  was  finally  determined  by  constructing  a 
right  triangle,  the  hypothenuse  of  which  was  eipal  to  the  primary 
current  at  the  given  load,  and  one  side  of  which  was  equal  to  the 
primary  current  at  no  load.  The  third  side,  multiplied  bv  the 
ratio  of  transformation,  gave  the  secondary  current. 
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To  ■find  the  square  root  of  the  mean  sqnare  value  of  the  primaij 
carrent,  a  curve  was  drawn,  using  the  instantaneous  values  of  the 
B.  M.  F.  aronnd  the  primary  current  lamps.  b„  as  ordinateB,  and 
a  second  cnrve  drawn,  the  ordinates  of  which  were  equal  to  the 
square  of  the  corresponding  ordinates  of  the  first  carve.  The 
mean  ordinate  of  this  second  curve  was  found  by  a  planimeter, 
and  iu  square  root  found.  This  represented  the  square  root  of 
the  mean  square  of  the  difference  of  potential  around  the  lamps. 
By  reference  to  the  calibration  curve,  the  current  could  readily 
be  determined.  Although  somewhat  laboriona,  the  method 
proved  to  be  extremely  accurate. 
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Tlie  square  root  of  the  'mean  square  value  of  the  secondary 
E.  M.  F.  was  measured  directly  by  the  multicellular  voltmeter. 

Five  separate  runw  were  made,  first  for  bo  load,  with  the 
secondary  on  open  circuit,  and  then  with  toads  of  15,  30,  45  and 
60  fifty-volt  incandescent  lamps.  With  lamps  of  this  resistance, 
the  last  run  was  quite  beyond  full  load,  inasmuch  as  the  primary 
K,  M.  F.  was  15  per  cent,  above  that  for  which  the  transformer 
was  intended.  The  retiults  of  these  five  runs  are  shown  in  Figa. 
6  to  10. 
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At  no  load,  the  lag  of  the  primary  current,  behind  the  primary 
e.  M.  F.,  is  almoet  90  degrees,  which  ie  greatly  ia  excess  of 
the  lag  shown  by  similar  experiments  npon  a  transformer  with 
a  closed  magnetic  circuit.  This  lag  diminishes  rapidly  as  the  load 
increases,  as  seen  in  the  successive  curves,  but  it  is  always  greater 
than  for  the  corresponding  load  of  a  closed  magnetic  circuit 
transformer.  This  is  on  account  of  the  large  magnetizing  cur- 
rent in  the  open-magnetic-eircuit  traoeformer,  the  effect  of  this 
component  of  the  total  primary  cnrrent  being  quite  markt!d,even 
at  full  load. 
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The  secondary  e.  m.  v.  at  no  load, .is  almost  opposite  in  phase  to 
the  primary  e.  m.  f.  ;  that  i6,  it  is  almost  180  degrees  behind  it. 
As  the  load  increases,  a  timiill  )mt  distinct  increase  in  this  lag  is 
noticed,  due  largely  to  increased  leakage. 

The  power  su,>;'licd  to  tin;  tranjiforiner  was  found  by  finding 
the  prodncts  of  corresponding  instantaiicoiiH  values  of  the  pri- 
mary K,  H.  F.  and  current.  Theso  products  were  jiosiitive  or  nega- 
tive, according  to  wIieMier  the  two  factors  were  of  the  same  or 
different  sign.     The  products  tlius  found  were  plotted  as  curves, 
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sitowing  the  primary  power,  Fige.  II  and  1%  positive  Tilna 
being  plotted  above  the  axis,  and  negative  below.  These  arew 
were  found  by  s  planimeter,  their  algebraic  sum  taken,  and  tbe 
mean  ordinate  thus  determined. 

Although  at  no  load  the  primary  current  is  lai^e,  tlie  factthit 
it  lags  so  nearly  90  degrees  behind  the  primary  b.  m.  r.  eaosea 
the  energy  expended  to  be  small.  This  was  fonnd  to  be  a  total 
of  39.6  watts.  Of  this  the  primary  copper  losses,  b,  I|',  amounted 
to  2.58  watts,  leaving  37.02  for  the  core  lossee, — hysteresie  and 
eddy  currente.     If  we  assume  the  loss  in  the  core  to  vary  as  the 


1,6  power  of  the  e.  m.  v.,  this  loss  for  the  de'iijjned  primary  e.  m.  f. 

of  1,000  volts  would  be 

|_l^[*"':[  X  37.02  =  29.4  watts. 

In  any  transformer,  if  the  primary  k.  m.  v.  is  a  sine-curve,  the 
current  curve  would  also  be  one,  in  wise  there  were  no  hysteresis 
or  eddy  currents.  In  the  no-load  diagram  of  this  transformer, 
the  primary  current  curve  is  not  materially  different  from  a 
sine-curve  90  dcgreei*  behind  the  k,  m.  f.  ;  while  in  the  no-load 
diagrams  of  closed  magnetic  circuit  transformers  supplied  from 
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this  same  alternator,  the  curves  for  primary  current  depart  widely 
"from  sine-curveB,  and  are  much  nearer  the  primary  e.  m.  f.  in 
phase.  Thus  the  form  and  position  of  the  curreut  curve  in  the 
open  magnetic  circuit  transformer  show  the  hysteresis  and  eddy 
currents  t«  be  small,  as  compared  with  the  transformer  with  closed 
magnetic  circuit 

The  efficiency  of  tlie  transformer  was  found  by  taking  the 
ratio  of  the  secondary  to  primary  power.  The  primary  power 
was  found  from  the  watt  curves  in  Figs.  11  and  12,  The  secon- 
dary power  was  found  by  deducting  the  primary  and  secondary 
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copper  losses,  Rj  i\  and  Rj  ij",  and  tlie  core  losses  from  tlie  primary 
power  thus  found. 

The  curve  for  efficiency  is  given  in  Fig.  13,  and  is  seen  to  rise 
very  rapidly  as  the  load  increases,  reaching  90  per  cent,  at  about 
one-eighth  of  full  load.  From  quarter  load  it  is  nearly  constant, 
rising  to  96.6  per  cent,  at  two-thirds  load.  It  remains  practically 
constant  until  full  load  is  reached,  and  then  falls  ofi  slightly 
on  over  load.  The  all-day  efficieney,  calculated  on  a  basis  of 
five  bonre  at  full  load  out  of  twenty-four,  is  91.8  per  cent. 

The  regulation  is  seen  by  the  curve  in  Fig.  13,  showing  the 


612 


BEDELL  ON  HEDGEHOG  TRAJS8F0RMER. 


roct.  18. 


secondary  e.  m.  f.  for  different  loads.  There  is  a  fall  of  about 
2.5  volts  in  the  secondary,  between  no  load  and  full  load.  Tliis 
curve  is  drawn  for  a  primary  e.  m.  f.  of  1000  volts. 

The  primary  current  is  shown  by  a  curve  in  the  same  figure. 
Even  at  no  load  it  is  quite  large,  although  representing  very  little 


CONDENSERS 


TRANSFORMER 


NAAAAA 


VOLTMETER 


R4 


R> 


SECONDARY  LOAD 

RACK  HOLDINQ 
•0  bO-VOLT  LAMPS 


Srmdltg  4  iWCn,  Km^r't.  XF. 


CONTACT  MAKER 

Pig.  14. — Diagram  of  Connections,  Transformer  Test  with  Condenser. 


energy  expended.  Clearly  the  disadvantage  of  such  a  current  is 
that  it  increases  the  losses  in  the  line  and  in  the  primary  con- 
ductor. If  tiii-s  line  current  can  be  successfully  reduced,  one  of 
the  chief  ubjections  to  tlie  opcn-magnetic-circuit  transformer 
will  be  removed.     This  can  be  done  by  the  use  of  condensers. 
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Part  III. 

Test  of  Transformers  with  Condensers. 

This  series  of  experiments  was  substantially  the  same  as  those 
3t  described  in  Part  11.,  with  the  addition  of  a  set  of  condensers 
proper  capacity  placed  between  the  terminals  of  the  primary, 
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order  to  reduce  the  line  current,  A  diagram  of  connections 
shown  in  Fig.  14,  in  which  r  ,  Rj  and  Rg  are,  as  before,  non-in- 
LCtive  resistances  for  the  measurement  of  primary  and  secondary 
M.  F.'s  and  the  primary  current,  respectively.  The  resistance 
was  introduced  to  lower  the  potential  supplied  the  transformer 
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to  prevent  breakage  in  tlie  secondary  lamps,  which  were  found 
in  the  previous  run,  to  be  running  at  too  high  pressure.  The  e. 
M.  F.  of  the  supply  was  tlius  reduced  from  1154  to  1089  volts. 
The  resistance  R6,  was  used  to  measure  the  line  current,  thatig, 
the  current  supplied  to  the  transformer  and  the  condensers. 

The  condensers  used  were  six  in  number  from  the  Stanley 
Laboratory,  and  were  intended  to  be  used  commercially  on  a  500- 
volt  circuit.     The  plates  are  of  tinfoil,  the  useful  part  of  which 
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Fig.  1(5. — Addition  of  Condenser  and  Line  Currents. 

is  of  the  following  dimensions:  length,  lOJ  inches;  width,  8 
inches  ;  thickness,  0.0007  inch.  The  dielectric  is  of  waxed  paper, 
0.0043  inch  thick.  There  are  sixty-five  sheets  of  tinfoil  (total)  in 
each  slab,  and  two  of  these  slabs  are  placed  together  in  one  tin 
case.  The  capacity  of  each  condenser  was  about  1.5  microfarads. 
When  one  condenser  was  supplied  with  an  e.  m.  f.  of  574  volts, 
the  loss  was  found  to  be  4.4  watts,  representing  an  efficiency  of 
96.9  per  cent.     This  data  is  taken  from  a  paper^  presented  at  the 

1.    Bedell,  Ballantyne  and  Williamson ;  "  Alternate-current  Condensers  and 
Dielectric  Hysteresis."    Phytkal  fiecCeto,  vol.  i.  No.  2,  p.  81,  8ept.-0cl.,  1898. 
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]Uadisoii  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  upon  some  experinienta  performed  by  Messrs. 
Ballantyne  and  WilliaiMBon  and  one  of  the  authors. 

By  arranging  the  condensers  in  various  coinbinatioiie,  it  was 
possible  to  obtain  a  nnmber  of  different  capacities,  ranging  from 
0.25  to  2.25  microfarddB,  without  subjecting  any  one  condenser 
to  more  than  500  volts  difference  of  [jotential, 

Tlie  proper  capncity  to  be  used  in  parallel  with  the  primary  ia 
that  which  will  bring  the  line  current  in  phase  with  the  e,  h.  f. 
When  this  result  is  brought  about,  the  line  current  is  a  minimam. 


Tfie  amount  of  capacity  to  be  used  may  1m;  predetorniined  theo- 
retically, or  ascertained  experimentally.  Predetermined  by  an 
analytical  and  graphical  method,  of  Dr.  ('veliore  and  one  of  us, 
the  proper  ca|mcitv  was  found  to  be  very  close  to  one  microfarad. 
Fortunately,  the  capacity  required  ie  alnjost  constant  for  all  loads 
of  the  trausfonuer.  Tlie  proper  capacity  for  the  condensers  was 
ascertained  by  trial  at*  follows :  the  transformer  was  run  on  open 
circuit  with  the  condensers  arranged  iu  various  combinations,  so 
u  to  obtain  different  capacities,  and  the  fall  of  potential  around 
the  incandescent  lamps,  k,,  in  the  line,  was  measured  by  the  mul- 
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ticellular  voltmeter.  Square  root  of  mean  square  values  were 
obtained  by  direct  reading,  no  inBtantaneooe  valnee  being  Uken. 
Thie  fall  of  potential  was  ascertained  for  different  capacities,  and 
the  results  obtained  are  shown  in  Fig.  15.  The  minimum  drop 
occurs  when  the  current  is  a  minimum  and  in  phase  with  the  e. 
H.  F.  This  is  seen  to  be  obtained  bj  a  capacity  of  almost  one 
microfarad,  the  same  capacity  as  calculated.  The  six  condeiiBei3 
were  therefore  used,  three  in  series  and  two  in  parallel,  givinjt* 
capacity  of  1.02  microfarads. 

Three  runs  were  now  made,  one  with  the  secondary  cirenit 
open,  and  the  other  two  with  loads  of  15  and  46  lamps  each. 
Headings  were  taken  for  determining  the  primary  e.  m.  f.,  eecon- 


Fro.  18. 
dary  E.  M.  F.,  primary  current  and  line  current.  By  priman' 
current  we  mean  the  current  in  the  primary  of  the  transformer, 
and  by  line  current,  the  current  supplied  to  the  condeneers  and 
transformer  together,  as  measured  by  the  fall  of  potential 
around  tlie  incandeeeent  lamps  r,. 

The  reeultf'  of  these  three  runs  are  given  in  the  following  table. 
showing  clearly  the  effect  of  the  ondeuser  in  diminishing  the 
liue  current.  es|iepinlly  at  no  load. 
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At  no  load,  the  line  current  \»  seen  to  be  less  than  oiie-tiftb  of 
the  primary  enrrent,  or  the  value  it  would  have  if  the  condensers 
were  absent ;  even  under  load  the  reduction  is  considerable. 
These  results  are  better  shown  by  tlie  polar  diagram  in  Fig.  16, 
drawn  on  the  supposition  that  the  currents  iire  harmonic.  On  no 
load,  o  c  is  the  condenser,  current,  o  a  the  primary  current,  and 
o  B  the  resultant  line  current,  much  smaller  than  either  com- 
ponent. For  15  lamps,  the  condenser  current  is,  as  before,  o  c, 
tile  primary  current  is  o  a'  and  the  resultant  current  o  b'. 
Similarly  for  45  lamps,  the  resultant  current  is  o  b'.    In  all  cases 
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the  oondenscr  current  is  ninety  degrees  behind  the  impressed  e. 
M.  K..  o  n,  and  has  a  value  of  about  .I'S  amperes.  The  fact  that 
the  cnrrents  are  not  strictly  sinusoidal,  causes  the  representation 
to  l)e  iin  appro.fimatlon,  which  ^although  not  e.xact,  is  liowever, 
useful  for  practical  calciilati<ms  and  for  illustration. 

The  results  of  tlie  thrt-e  runs  are  shown  by  the  curves  in 
Figri.  It,  18  and  ISI.  The  line  current  is  the  algebraic  sum  of  the 
primary  and  condenser  currents,  as  just  explained  ;  aTid,  if  these 
currents  were  harmonic,  it  would  be  in  phase  with  the  E.  m.  r., 
if  the  condenser  were  properly  proportioned.     In  Figs.  18  and 
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19  this  is  seen  to  be  practically  the  case.  The  irre^lar  character 
of  the  line-current  curve  in  Fig.  17  is  explained  thus.  It  is  the  al- 
gebraic sum,  (the  arithmetical  difference),  of  two  almost  equal  and 
opposite  currents,  and  is  very  small  compared  with  either.  If 
these  two  currents  were  exactly  einusoidal,'the  resultant  curve 
would  be  sinusoidal.  As  a  matter  of  fact,  although  very  nearly 
sinusoidal,  they  are  not  exactly  so,  and  these  variations  have  a 
marked  effect  upon  their  resultant,  which  is  their  arithmetical 
difference.  The  line-current  curve  has  a  marked  depression, 
which  brings  the  portion,  whicli  would  naturally  be  the  crest, 
over  the  axis  ;  that  is,  for  a  brief  interval  in  each  half  period  it 
has  the  opposite  sign,  and  the  current  flows  in  a  direction  oppo- 
site to  its  flow  during  the  other  part  of  the  same  half-period. 
With  a  load  of  15  lamps  this  depression  has  a  slight  effect,  but 
is  scarcely  noticeable  for  a  load  of  45  lamps,  the  line-current 
curve  in  Fig.  19  differing  but  little  from  the  primary  current 
curve.  It  is  ahead  in  phase,  and  with  harmonic  currents  and  the 
exact  capacity  required,  it  would  be  in  phase  with  the  e.  m.  f.  as 
shown  in  Fig.  10. 

Conclusion. 

In  regard  to  the  apparatus  and  the  method  of  measurement,  as 
described  in  Part  I.,  we  would  conclude  that  the  method  of  in- 
stantaneous contact  is  a  valuable  one  for  the  investigation  of 
alternating  current  phenomena,  and  may  he  made  accurate  and 
precise  for  refined  laboratory  research,  while  at  the  same  time  it 
is  capable  of  meeting  the  requirements  of  rougher  practical 
work,  where  convenience  and  dui-ability  of  apparatus  is  para- 
mount to  extreme  precision. 

The  results  given  in  Part  II.,  show  the  transformer  upon  whicli 
the  investigation  was  made,  to  possess  two  valuable  features, 
high  efticieney  and  good  regulation. 

The  experiments  with  the  condensers.  Part  III.,  demonstrate 
the  practicability  of  their  use  to  diminish  the  line-current  in 
transformer  circuits,  and  points  to  their  more  extended  use,  as 
their  manufacture  is  perfected  and  cheapened,  not  only  in  this, 
but  also  in  other  systems  of  alternating  current  distribution. 

CorneH  University,  June,  1898. 
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Discussion. 

The  President: — You  have  heard  Dr.  Bedell's  paper.     Dis- 
cussion of  the  paper  is  now  in  order. 

Mr.  a.  E.  Kennelly  : — I  think  we  are  much  indebted  to  Dr. 
Bedell  for  giving  us  a  paper  which  contains  so  many  points  of 
interest.  In  the  first  place,  the  revolving  contact  raaKcr  is,  I 
think,  very  ingenious,  for  if  there  is  an  objectionable  feature 
about  revolving  contacts  it  is  the  mechanical  trouble  experienced 
in  keeping  the  contact  certain,  non-vibrating,  and  definite  in  po- 
sition. The  only  hope  that  has  hitherto  generally  been  offered 
to  obtain  success  with  a  contact  of  that  kind  is  to  make  the  circle 
of  revolution  so  large  that  even  witli  a  large  contact  area,  the 
period  of  contact  shall  not  be  unduly  prolonged.  This  method 
seems  very  promising  and  ought  to  satisfy  a  well  defined  want. 
The  paper  also  shows,  incidentally,  that  a  single  instrument, 
namely,  an  electrostatic  voltmeter  can  be  forced  into  making  all 
the  measurements  required  for  the  determination  of  the  currents, 
as  well  as  their  phase  relations,  and  electromotive  forces  in  a  trans- 
former. The  diagram  does  not  show  just  how  the  80  volts  ex- 
tra was  maintained,  and  I  would  like  to  ask  Dr.  Bedell  how  thi^ 
was  accomplished,  because  that  is  rather  a  weak  point,  of  course, 
alx)ut  a  measurement  of  this  kind.  It  introduces  an  error,  owing 
to  the  question  of  constancy  in  the  additional  electromotive  force. 
It  mignt  be  preferable,  possibly,  to  have  an  electrostatic  volt- 
meter which  would  span  the  full  pressure,  and  of  course  such  in- 
struments can  be  made.  They  were  described  at  the  Chicago 
Congress,  for  example.  The  paper  also  points  out  that  it  is  pos- 
sible by  the  aid  of  hysteresis  to  roughly  double  the  frequency  of 
an  alternating  current,  although  not  perhaps  to  produce  very 
symmetrical  waves  in  the  doubled  frecjnency.  It  is  also  notice- 
able that  this  particular  model  of  transformer  very  nearly  ap- 
proaches to  that  ideal  instrument  which  has  been  termed  the 
"  phantom  "  transformer,  inasmuch  as  the  hysteresis  is  so  far  re- 
duced and  the  distortion  of  the  primary  current  is  so  far  reduced 
by  the  large  air-gap  in  the  magnetic  circuit  that  the  transformer 
may  be  said  to  have  nearly  constant  primary,  secondary,  and  mu- 
tual inductances ;  and  it  becomes  a  simple  matter  in  a  trans- 
former of  this  kind  to  predetermine  the  current  and  voltages 
that  it  can  sustain.  I  have,  however,  to  differ  from  Dr.  Bedell 
as  to  the  method  of  predetermining  simply  the  capacity  in  a  pri- 
mary circuit  which  shall  neutralize  most  completely  the  primary 
current.  The  method  of  Dr.  Bedell  is  no  doubt  the  accurate  and 
fundamental  one.  But  I  think  that  a  simpler,  a  more  practical 
method,  can  be  obtained  by  treating  the  condenser  as  a  resistance, 
and  the  primary  circuit  on  the  transformer  as  a  resistance,  and 
then  combining  those  two  by  the  rules  of  impedance.  I  think 
this  plan  is  simpler  and  more  readily  grasped. 

Dr.  M.  I.  Pupin  : — I  have  only  two  remarks  to  make.     I  do 
not  agree  with  Dr.  Bedell  nor  with  Mr.  KenneW^  \3aaX.  XJd^^  Q^^s^^s\5^ 
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of  minimizing  the  line  current  by  means  of  condensers  can  be 
treated  mathematically  in  the  case  which  we  are  discussing.  Theo- 
retically that  condenser  capacity  would  give  the  minimum  line  cur- 
rent which  would  be  in  resonance  with  the  self-induction  of  the 
primary  of  the  transformer.  The  difference  in  phase  would  then  be 
zero.  That  is  all  very  nice  when  there  is  no  iron  in  the  circuit. 
But  as  soon  as  icon  is  brought  into  the  circuit  tlien  the  conditions 
change  completely ;  that  is  to  say  that  capacity  which  will  give 
the  minimum  current  will  not  reduce  the  phase  to  zero.  This 
observation  was  made  some  time  ago  and  communicated  to  this 
iNSTirurK  by  Dr.  Duncan.  It  was  made  somewhat  later  by  my- 
self. There  seems  to  be  no  theoretical  rule  which  would  enable  one 
to  calculate  beforehand  the  proper  capacity,  and  the  best  method 
to  follow  is  simply  to  try  experimentally.  But  do  not  expect 
that  you  will  have  the  minimum  difference  in  phase  between  the 
line  current  and  the  impressed  electromotive  force  when  the  line 
current  is  minimum. 

One  point  of  special  interest  which  has  been  brought  out  by 
Dr.  Bedell  in  this  very  valuable  paper  is  that  with^no  load  and 
the  condensers  in  parallel  with  the  primary,  the  line^  current  fol- 
lows the  first  upper  harmonic  of  the  primary  electromotive  force. 
I  observed  myself  that  if  there  are  any  upper  harmonics  at  all  in 
the  current,  that  the  first  upper  harmonic  is  especially  strong,  the 
jseeond  upper  harmonic,  which  has  five  times  the  frequency  of 
the  fundamental,  is  very  weak,  and  that  the  third,  which  has 
seven  times  the  frequency,  is  vanishingly  small.  I  have  observed 
that  this  upper  harmonic  will  always  appear,  if  you  have  a  con- 
denser in  series  with  the  primary  of  the  transformer,  or  in  mul- 
tiple, provided  that  the  secondary  is  open.  But  as  soon  as  yon 
close  the  secondary,  then  the  upper'liarmonic  seenii  to  get 
weaker,  and  as  the  load  increases,  the  fundamental  becomes 
stronger  and  stronger  until  at  full  load  the  primary  current  seems 
to  be  very  little  different  from  a  pure  sine  curve.  It  must  be 
observed,  however,  that  the  secondary  load  was  feeding  a  bank 
of  incandescent  lamps  or  an  electrolyte  resistance.  I  do  not 
think  that  we  are  in  a  position  yet,  to  explain  that  phenomenon 
by  assuming  that  the  |)rimary  current  is  distorted  by  the  action 
of  hysteresis.  I  am  perfectly  aware  of  the  fact  that  Dr.  Fleming 
and  Professor  Ayrton  and  our  own  most  distinguished  scientist. 
Prof.  Rowland,  have  investigated  this  point  and  that  they  have 
come  to  the  conclusion  that  the  distortion  of  the  primary  current 
is  due  either  to  the  variation  of  the  permeability  of  the  iron  with 
the  induction,  or  to  the  action  of  hysteresis.  But  in  a  paper 
read  before  this  Instifute  I  ventured  to  suggest  that  a  third  ex- 
planation is  possible.  The  suggestion  was  this :  When  the  sec- 
ondary of  a  transformer  is  open  and  there  is  in  the  primar)', 
either  in  series  or  in  parallel  with  it,  a  condenser,  that 
then  the  two  electromotive  forces  generated  in  the  circuit,  one 
by  the  generator  and  the  other  by  the  primary  in  the  transformer, 
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l>ear  a  peculiar  relation  to  each  other,  owing  to  the  peculiar 
behavior  of  the.  back  jjl.  m.  f.  generated  in  the  priraarv  of  the 
tranaforinju'.,  which  behavior  eeenis  to  be  due  to  the  n)llowing 
process  of  magnetization  of  the  transformer  core: — Aq  the 
primarv  current  goes  up  the  induction  goes  up,  until  it  has 
reached  a  maximum  As  the  current  decreases,  the  induction 
does  not  decrease  witli  it  in  step;  it  lingers  some  time  in  the 
vicinity  of  the  maxinmm  point  until  the  current  in  the  oppo- 
site direction  is  strong  enough  to  drag  the  induction  down  as 
it  were  with  a  jerk,  and  then  the  induction  will  go  to  the  other 
side  with  a  rush.  The  e.  m.  f.  of  self-induction  generated 
by  this  uneven  process  of  magnetization  is  far  from  a  simple 
harmjnic.  The  interference  with  the  electromotive  force  gen- 
crated  in  the  primary  of  the  transformer  and  the  electromotive 
force  generated  in  the  alternator,  will  give  a  resulting  electromo- 
tive lorce  which  will  be  a  complex  harmonic,  even  if  the 
impressed  e.  m.  f.  is  a  simple  harmonic.  A  condenser  placed  in 
parallel  with  the  primary  seems  to  strengthen  the  complex  har- 
monic K.  M.  F.  of  self-induction.  If,  however,  we  close  the  sec- 
ondary of  the  transformer  then,  according  to  my  experience,  the 
seconclary  current  acts  somewhat  like  a  buffer.  AVe  have  two 
magnetizing  forces  in  the  transformer  then,  so  that  at  no  moment 
can  the  induction  go  back  with  a  rush.  The  secondary  current 
acts  like  a  regulator  and  makes  the  induction  increase  and  de- 
crease gradually  and  in  the  simplest  possible  way,  and  the  sim- 
plest possible  way  is  the  simple  harmonic  way.  My  attention 
was  first  drawn  to  this  peculiar  behavior  of  iron  by  the  follow- 
ing experiment : — If  the  primary  of  a  transformer  is  placed  in 
series  with  the  condenser  and  the  circuit  tuned,  that  is  brought 
in  resonance  with  the  impressed  electromotive  force,  then  the 
resonance  effect  is  practically  notliing,  as  long  as  the  magnetic 
circuit  is  closed,and  even  with  an  open  magnetic  circuit  it  is  a  very 
difficult  thing  to  oi)tain  strong  resonance  effects.  But  as  soon 
as  the  secondary  circuit  is  closed,  then  the  secondary  current  seems 
to  add  magnetic  elasticity  to  the  iron.  The  magnetization  then 
gradually  gets  into  swing,  and  resonance  effects  can  then  be  easily 
])roduced  even  with  a  closed  magnetic  circuit,  they  are,  however, 
always  very  much  smaller  than  with  open  magnetic  circuits. 

There  is  another  remark  that  I  think  ought  to  be  made  in  this 
discussion,  and  that  is  that  although  the  paper  of  Dr.  Bedell 
shows  that  in  open  magnetic  circuits  we  can  diminish  to  a  very 
great  extent  the  line  current,  I  do  not  think  that  this  investigation 
shows  that  w^e  can  do  the  same  thing  in  a  closed  magnetic  cir- 
cuit, and  therefore  I  think  that  Dr.  Bedell's  final  remark — 
that  this  paper  points  to  the  more  extended  use  of  condensers 
in  diminishing  line  currents — needs  a  modificarion,  because, 
where  the  condensers  were  intended  to  be  used  to  a  large  ex- 
tent, was  in  connection  with  closed  magnetic  circuit  transformers 
and  in  motor  work,  and  in  motor  work  we  deal  with  more  or  less 
closed  magnetic  circuits. 
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Dr.  Emery  : — Although  it  is  late,  I  think  the  gentlemen  pres- 
ent will  be  happy  to  hear  a  word  in  regard  to  the  experimenU 
with  the  10,OuO-light  alternators  at  the  Exposition,  and  such  a 
statement  is  applicable  in  this  connection  since,  curious  as  it  may 
appear,  the  current  during  low  loads,  which  has  l>een  discussed 
here,  came  v^ery  near  defeating  the  experiments.  The  special  en- 
gines provided  to  operate  tlie  large  alternators  were  designed  for 
150  pounds  steam  pressure  and  it  was  expected  that  this  pressure 
would  1)6  furnished.  There  were,  however,  only  two  sets  of 
boilers  in  the  long  row  at  the  Exposition  which  would  carry  this 
pressure  and,  as  all  were  necessarily  connected  together  ordi- 
narily, the  pressure  did  not  exceed  1*25  pounds,  so  tliat  such  of 
the  alternators  as  were  oj)erated  by  the  special  engines  could  not 
be  run  with  full  load.  It  was  expected  that  arrangements  could 
be  made  whereby  one  of  these  engine  dynamos  could  be  con- 
nected independently  to  boilers  which  would  carry  the  proper 
pressure,  in  which  case  the  judges  could  have  made  the  tests  in 
the  daytime  or  when  convenient.  After  long  waiting,  with  en- 
couragement that  proper  appropriations  would  be  made,  it  was 
decided  that  there  was  no  money  available  for  the  purpose  and 
an  attempt  was  made  to  do  the  work  at  night.  By  carefully  esti- 
mating the  loads  after  1 1  p.  m.,  it  was  considered  that  the  high 
pressure  boilers  would  operate  enough  of  the  special  engines  to 
carry  the  whole  load  on  the  alternating  system,  with  tlie  con- 
nections of  the  other  boilers  and  engines  shut  off  the  special 
pipes  and  drums  through  which  the  high  pressure  was  being  con- 
veyed. In  preliminarily  canvassing  the  matter  it  was  not  sug- 
gested that  the  load  at  that  time  was  largely  made  up  of  watcli 
lights  in  the  buildings,  on  circuits  which  generally  carried  manv 
lights.  Of  course  such  circuits  were  not  of  the  kind  that  the  manu- 
facturers wished  to  operate  in  an  efhciency  test,  as  they  required 
plenty  of  current,  but  would  record  comparatively  few  watte. 
The  eonsecjuence  was  that  it  became  necessary  to  run  aa  many  en- 
gines as  on  other  nights,  to  take  care  of  the  watch  light  circuits  and 
in  addition  to  run  the  engine  to  be  tested  with  fully  loaded  circuits, 
such  for  instance  as  those  supi)lying  the  dome  of  the  Adminis- 
tration Building,  the  outside  lights  on  Agricultural  Hall,  etc. 
The  power  from  the  high  pressure  boilei's  was  therefore  insuf- 
ficient and  it  seemed  for  a  time  that  we  should  not  be  able  to 
make  the  full  load  test  of  the  engine  dvniamo.  Everybody  was 
interested,  however.  The  assistant  operating  mechanical  engi- 
neer was  on  hand,  and  by  putting  in  more  boilers  and  keeping  the 
pressure  close  up  to  the  blowing  off  point — the  engine  represen- 
tative at  the  same  time  slightly  adjusting  the  cut-off  on  his  en- 
gine so  as  to  maintain  full  speed,  I  am  gratified  to  say  that 
we  obtained  1200  indicated  horse-power  with  a  1000  h.  p.  engine 
and  were  able  to  carrv  a  satisfactorv  load  on  the  dynamo.     To 

t.'  V  V. 

accomplish   this  all  had  to  remain  on  duty  until   daylight  the 
next  morning  and  this  sort  of  work  had  to  be  repeated  twice  in 
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making  other  tests,  simply  from  lack  of  means.  It  was  pie  isant 
to  all  however,  to  succeed,  and  in  due  time  the  results  will  be 
announced. 

Dr.  Bedkll  : — The  discussion  by  Mr.  Kennelly  and  Dr.  Pupin, 
as  well  as  some  questions  which  have  been  asked  informally  by 
various  members,  lead  me  to  make  some  remarks  by  way  of  re- 
ply and  addenda.  The  iron  in  this  particular  transformer  was 
doubtless  particularly  good,  and  the  iron  losses  therefore 
smaller  than  found  by  Dr.  Fleming  in  the  paper  referred  to.  The 
paper  to  which  I  referred  was  read  before  the  Institution  of 
Electrical  Engineers  on  November  24,  1892.  Dr.  Fleming  gives 
the  results  of  extended  investigations  upon  the  various  promi- 
nent types  of  tiansformers — the  Thomson-Houston,  Westing- 
house,  Kapp,  Ferranti,  Swinburne's  '*  Hedgehog,"  and  other 
transformers,  the  investigation  being  originally  undertaken 
with  the  purpose  of  comparing  the  performance  of  the  "  Hedge- 
hog "  with  that  of  some  closed-magnctic-circuit  transformers  of 
the  same  size.  The  work  was  most  painstaking  and  the  paper 
most  elaborate  and  carefully  prepared.  The  methods  used 
were:  (I.)  the  three-voltmeter  method;  (II.)  the  three  ammeter 
method;  (III.)  dynamometer-wattmeier  (Siemeu's)  method,  which 
eventually  proved  the  most  satisfactory  ;  and  (IV.)  Swinburne's 
wattmeter.  The  '  Hedgehog"  transformer  upon  which  the  ex- 
periments were  made  had  an  output  of  3,000  watts,  and  was  de- 
signed for  a  primary  potential  01  2,400  volts  with  a  frequency  of 
83  alternations  per  second  and  was  so  operated. 

By  the  three  voltmeter  method,  Dr.  Fleming  found  that  from 
no-load  to  full-load  the  primary  current  rose  from  0.76  to  1.506 
amperes,  the  secondary  current  from  o  to  29.93  amperes,  and 
the  secondary  e.  m.  f.  fell  from  102.1  to  98.8.  At  no-load  the 
power  factor  was  0.063.  The  power  taken  up  in  the  transformer 
at  no-load  was  112  watts  and  237  at  full-load.  He  however  con- 
cludes: ''The  power-factor  of  the  "  Hedgehog,"  even  at  full-load, 
is  still  small  and  we  were  not  satisfied  with  the  general  nature  of 
the  results  given  at  all  loads  by  the  three-voltmeter  method  for 
this  transformer." 

The  three-ammeter  method  was  open  to  objection  in  the  same 
way  as  the  three-voltmeter,  and  Dr.  Fleming  proceeded  to  the 
dynamometer  methods.  AVith  the  dynamometer-wattmeter,  the 
efficiencies  obtained  for  0.1,  0.2,  (>.3,  etc.,  of  full-load  up  to  full- 
load  were  71.7,  82.9,  87.6,  89.8,  01.2,  92.2,  92.8,  93.2,  and  93.5 
for  full-load. 

The  no-load  losses  by  methods  I.,  II ,  and  III.,  were  about  112 
watts,  or  37  per  cent,  of  the  output  of  the  transformer.  With 
Swinburne's  wattmeter  the  no-load  loss  found  was  74  watts.  Dr. 
Fleming  attributes  the  discrepancy  to  a  probable  electrostatic  ca- 
pacity in  the  wattmeter  which  would  produce  an  error  in  the  re- 
sults similar  to  those  produced  by  self-induction. 

Dr.  Fleming  attributes   a  considerable  portion  of  the  trans- 
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former  losses  to  eddy-currents  in  the  secondary  copper  and  con- 
siders the  function  of  the  iron  core  of  a  transformer  "  to  be  the 
preservation  of  the  lines  of  induction  in  the  proper  place,  and 
making  them  thread  through  the  aperture  of  the  secondary  cir- 
cuit witliout  intersecting  tlirough  the  mass  of  copper  in  that  cir- 
cuit."    Mr.  Swinburne  considers  that  most  of  the  loss  is  in  the 
iron  core.     In  a  letter  1  have  just  received  from  him,  he  says 
that  the  iron  in  the  specimen  furnished  Dr.  Fleming  was  of  a 
poor  quality — this  occasionally  occurring  on  account  of  the  fre- 
quent annealing  undergone  by  the  wire  of  which  the  core  is  made 
in  the  course  of  manufacture.     The  reasonably  small  losses  ob- 
tained in  the  present  investigation  would  seem  to  sustain  Mr. 
Swinburne   in  this   statement.     I   see  no  reason  to  doubt  Dr. 
Fleming's  results. 

Mr.  Swinburne  sent  a  condenser  to  Dr.  Fleming  to  use  with 
his  transformer.  The  condenser's  capacity  (about  ^  microfarad) 
was  not  the  proper  value  to  bring  the  line  current  into  phase  with 
the  E.  M.  F. — the  condenser  current  being  0.458  ampere  and  the 
no-load  transformer  current  0.70  ampere. 

The  iisrures  claimed  by  Mr.  Swinburne  when  he  sent  his  trans- 
former to  this  country  agree  substantially  with  those  given  in 
the  present  paper  and  are  as  follows.  Full-load  losses  :  primary 
by  working  current,  27.4:  watts ;  primary  by  idle  current,  1  watt«; 
iron,  i2  watts ;  secondary,  30.5  watts.  Full-load  efficiency,  96.46 
per  cent.  No-load  waste  of  power,  0.87  per  cent,  of  "the  full 
load.  Secondary  i)ressuro :  no-load,  50.5 ;  full-load,  48.7  volt«. 
Exciting  current,  0.95  ampere.  Frequency,  130.  Primarj' 
E.  M.  F.,  1,000  volts. 

Referring  to  the  (jnestion  asked  by  Mr.  Kennelly  in  regard  to 
the  maintenance  of  the  difference  of  potential  around  the  cou- 
<lenser  by  which  the  zero  of  the  voltmeter  was  displaced,  I  would 
say  that  a  difficulty  does  arise  as  he  states.  The  condenser  was 
charged  at  convenient  times  and  a  correction  made  for  leakage 
afterwards.  The  leakage  was  ascertained  by  the  rate  of  the  loss 
of  potential.  This  was  found  to  be  about  one  volt  each  hour  and 
a  correction  was  made  aecordingl\'. 

Some  further  remarks  in  regard  to  the  losses  in  the  condensers 
ill  parallel  with  the  primary  may  prove  of  interest.  Electro- 
static |)heiioinena  in  connection  with  alternating  currents  have 
not  as  yet  been  the  subje(^t  of  such  careful  investigation  as  the 
electromagnetic ;  and,  whereas  the  experiments  of  Ewing, 
Steinmetz  and  others  have  cleared  our  ideas  in  regard  to  the 
losses  caused  bv  magnetic  hvsteresis  or  that  due  to  the  reversal 
of  the  electromagnetic  field,  the  phenomena  of  dielectric  hyster- 
esis which  is  produced  by  changes  in  the  electrostatic  field 
have  been  little  more  than  hinted  at,  much  less  made  the  subject 
of  careful  study.  This  was  the  state  of  affairs  when  the  investi- 
gation already  referred  to,  of  the  dielectric  phenomena,  was  un- 
<lertaken.     Various  methods  were  tried  and  more  suggested  for 
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the  study  of  thin  electroatatie  liyeteresis,  and  the  motfaod  finally 
adopted  as  giving  tlie  moat  satinfaetory  solution  of  the  problem 
may  well  be  referred  to  here  ae  hein^  closely  allied  to  the  subject 
in  hand. 

After  endeavoring  to  obtain  an  liyGtereeis  loop  for  a  condeneer 
hy  means  of  ascendiug  and  descending  curves  of  charge  and  dis- 
cnarge  obtained  by  means  of  a  baltistic  galvanometer,  with  but 
partial  eiiccess  due  to  tbe  effect  of  the  time  element,  resource  was 
had  to  the  method  of  instantaneous  contact  just  described.  From 
the  product  of  the  instantaneous  vuluea  of  current  and  electro- 
motive force  a  watt  curve  is  readily  constructed,  in  which  the 
positive  areas  indicate  the  power  given  to   the  condenser  and 


the  negative  areas,  the  power  returned  to  the  circnit  from  the 
coodeoser.  The  difference  in  these  positive  and  negative  areas 
indicates  the  loss  in  the  condenser. 

By  obtaining  the  area  of  Huccessive  portions  of  the  current 
curve,  the  quantity  of  charge  in  the  condenser  at  any  time  may 

be  determined,  since  g^=f  i  d  t.  This  was  dune  by  a  planimeter. 
The  data  from  which  to  plot  an  liysteresis  loop  was  thus  obtained. 
Saeh  a  loop,  shown  in  the  figure,  is  obtained  by  plotting  as  abscisss 
the  instantaneous  values  of  e.  h.  f.  and  as  ordlnates  the  instan- 
taneous vahies  of  charge  found  from  the  integration  of  the  cur- 
rent curve  as  just  described.     The  area  of  this  loop  it,  j  v  d  q  and 
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is  a  meaenre  of  the  energy  dissipated  in  hysteresis  per  cycle. 

The  existence  of  such  a  loop  for  dielectric  hysteresis  has  for  a 
long  time  been  suspected  and  it  is  interesting  to  see  the  exact 
form  which  it  takes,  and  to  note  its  similarity  to  the  corresfyond- 
ing  curve  of  magnetic  hysteresis  in  iron. 

Of  course  tlie  investigation  of  the  subject  is  not  complete  until 
the  electrostatic  hysteresis  is  determined  for  various  dielectrics 
and  for  diflEerent  potentials  and  frequencies. 

The  losses  in  these  condensers  were  so  small  that  it  can  not  be 
said  that  dielectric  hysteresis  prohibits  the  use  of  condensers  in 
practical  alternating  current  work. 

ICornm^inicated  after  adjournment  hy  Mr.  Charles  P.  Stetx- 

METZ :] 

Being  unable  to  be  present  at  the  reading  of  the  paper,  I  for- 
ward a  few  remarks  to  the  matter  under  discussion.  This  paper 
of  Messrs.  Bedell,  Miller  and  Wagner  is  of  high  interest  from 
many  points  of  view.  First,  in  so  far  as  it  adds  something  to  the 
elucidation  of  a  controversy  which  in  alternating  current  engi- 
neering assumed  an  aspect  similar  to  the  universal  wire  gauge  of 
which  our  Secretary  told  us  to-day — I  mean  the  question  of  open 
circuit  V8  closed  circuit  transformers. 

This  transformer  of  Mr.  Bedell  is  a  60-light,  or  3,000-watt 
transformer.  It  is  of  interest,  therefore,  to  compare  its  behavior 
with  the  3,000  watt  hedgehog  transformer  tested  by  J.  A. 
Fleming  a  year  ago  (Institution  of  Electrical  Engineers,  Nov. 
24,  1892). 

Fleming  found  :  Bedell  finds : 

Efficiency  at  fuU  load 93.5  j?  96  jT 

•*  1-10     "♦ 71.7^  Ql^ 

Current  at  no  load,  in  per  cent,  of 

full  load  current 48  j^  80  ^ 

Core  loss 114  29.4  watts. 

Especially  noteworthy  is  the  reduction  in  the  core  loss  and  the 
consequeiit  increase  in  the  eflSciency  in  the  present  transformer. 

It  is  to  be  remembered,  however,  that  the  efficiencies  given  by 
Mr.  Bedell  are  not  observed,  but  calculated  from  copper  and  iron 
losses. 

Yery  interesting  is  Fig.  17  which  shows  the  line  current  to  be 
a  wave  of  higher  frequency,  so  that  here  experimentally  the 
primary  current  has  been  dissolved  into  the  sine  wave  of  mag- 
netizing current,  as  supplied  by  the  condenser,  and  the  higher 
harmonic  wave  of  energy  current  which,  however,  consists  of  two 
components  again,  an  energy  component  of  normal  frequency, 
and  the  wattless  complex  higher  harmonic  mainly  consisting  of  a 
term  of  triple  frequency  as  shown  by  Fig.  17. 

Very  curious  is  the  behavior  of  the  primary  current,  which  is 
just  opposite  to  what  is  known  of  the  closed  circuit  transformer. 
In   closed   circuit  transformers  the  wave  of  primary  current  is 
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greatly  distorted  at  no  load,  and   becomes  more  and  more  sine 
shaped  with  increasing  load. 

In  this  open  circuit  transformer  we  find  tlie  wave  of  primary 
"Current  at  no-load  practically  symmetrical  (Fi^.  6) ;  with  increas- 
ing load  the  primary  current  becomes  distorted  while  the  k.  m.  f.'s 
retain  their  sine  shape,  and  the  primary  current,  as  shown  in  Fig. 
8  and  9,  bulges  out  at  the  rising,  and  bulges  in  at  the  decreasing 
.  side. 

Now  this  phenomena  is  very  curious  and  fully  deserves  further 
investigation,  since  it  makes  tlie  splendid  eflSciency  curve  of  Fig. 
13  doubtful. 

Anybody  who  has  investigated  the  various  distortions  of  alter- 
nate waves  will  in  this  particular  distortion  suspect  the  effect  of 
a  hysteretic  loss  not  existing  at  no  load. 

Due  to  the  open  magnetic  circuit  considerable  distortion  of  the 
magnetic  field  may  be  caused  by  the  counter-magnetomotive  force 
of  the  secondary  circuit.  The  existence  of  this  distortion  of 
magnetism  is  shown  by  the  gradual  displacements  of  k.  m.  f.'s 
with  increasing  load.  An  effect  due  to  the  sa  iie  cause  we  prob- 
ably see  in  the  distortion  of  the  current  wave.  How  far  this 
effect  implies  an  additional  energy  loss  remains  to  be  seen  by  fur- 
ther investigation. 

Probably  this  question  may  be  decided  by  taking  instantaneous 
values  of  secondary  current  also,  which  would  enable  us  to  trace 
the  origin  of  this  remarkable  distortion. 

With  regard  to  the  way  of  determining  the  effective  value  by 
calculating  the  squares  of  instantaneous  values,  plotting  them  in 
a  curve  and  measuring  its  area,  this  must  be  very  tedious.  Three 
years  ago  I  pointed  out  a  much  simpler  method  in  ElektrotecJir 
nische  ZeitschHft,  June  20,  1890:  Plotting  the  instantaneous 
values  of  the  alternate  wave  in  polar  co-ordinates,  i.  e.,  as  radii 
corresponding  to  the  time  as  angle,  the  area  of  the  curve  repre- 
sents the  sum  of  squares  of  the  values,  i.  e.,  the  effective  value,  so 
that  the  effeetivf  value  of  an  alternate  wave  can  he  derived 
directly  hy  rnea^irrina  the  area  of  the  carve  of  instantan-eoics 
valuss  in  polar  coordinates. 

This  is  another  feature  which  makes  the  use  of  polar  co- 
ordinates preferable  in  alternating  current  work. 

October  19,  1893— Lynn,  Mass. 

The  President: — Is  there  any  further  discussion  on  this 
paper  ?  If  not,  I  will  call  for  the  paper  by  the  Secretarj^  on 
*' Monthly  Meetings  of  the  Institute;  Their  Origin  and  Proposed 
Development." 


A  /a/tr  presenttd  at  the  Eightieth  Meetittg  of 
the  American  Institute  of  Electrical  Engi- 
neers^ New  Yorky  October  iSth^  iSifj,  President 
Houston  in  I  he  Chair. 


MONTHLY  MEETINGS  OF  THE  INSTITUTE. 
Their  Origin  and  Proposed  Development. 


BY  RALPH  AV.  POPE. 


Introduction. 

Now  that  the  membership  of  the  Institute  has  become  so 
widespread,  accompanied  by  the  natural  tendency  to  increase 
most  rapidly  in  cities,  the  question  of  holding  meetings  at  differ- 
ent points  in  the  country  is  assuming  marked  importance.    The 
recent   revival   of  this  subject  is  largely  due  to   a  discussion^ 
which  took  place  at  the  annual  meeting,  May  16th,  1893.     Atten- 
tion was  called  at  that  time  to  the  fact,  that  Council  had  already 
considered  the  advisability  of  the  holding  of  meetings  in  other 
cities  than  New  York,  Imt  that  nothing  had  been  accomplished, 
due  largely  to  the  failure  on  the  part  of  any  number  of  members 
to  express  a  desire  that  such  meetings  be  held.     In  order  that  the 
details  of  this  movement  may  be  properly  imderstood,  as  well  as 
to  correct  erroneous  impressions  that  have  arisen,  owing  to  lack 
of  information  upon  the  subject,  the  writer  has  undertaken  to 
prepare  this  paper.     His  familiarity  with  the  history  of  the  In- 
stitute, as  well  as  the  practice  of  similar  national  organizations, 
must  be  his  excuse  for  undertaking  the  work. 

Rules  Regarding  Meetings. 

Ill  the  organization  of  the  Institute,  the  rules  of  the  American 
Institute  of  Slining  Engineers  were  very  closely  foUowed,  and 
provision  was  made  foi-  one  annual  and  two  regular  meetings. 
The  Rules  also  provide  for  the  holding  of  special  meetings,  as 
follows : 

1.  Transactions,  vol.  x.  p.  305. 
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"Special  meetings  may  be  called  whenever  the  Council  sees 

on  a  n 

ule  H.] 

Early  Suogestion!^. 


"  fit ;  and  the  Secretary  shall  call  a  special  meeting  on  a  reqni- 
'*sition  signed  by  fifteen  or  more  memDers."     [See  K 


The  immediate  predecessor  of  the  writer  in  the  otfice  of  Sec- 
retary, Mr.  T.  (\  Martin,  in  his  remarks  at  the  annual  meeting, 
May  10th,  1885,  when  the  IxsriTrrK  was  but  twelve  months  old, 
called  attention  to  this  rule : 

**  Several  of  the  members  in  New  York,"  he  said,  ^'have  writ- 
"  ten  to  me  and  have  objected  to  the  infrequency  of  the  meetings 
"  held  during  the  year.  They  say  that  the  members  ought  to  be 
"brought  together  in  New  York  oftener,  that  papers  might  be 
"presented  and  read,  and  that  the  >iew  York  members  might 
"  lorm  a  branch  or  sub-section  of  the  society,  and  they  think  that 
"the  society  would  be  greatly  strengthened  by  some  such  step 
"as  that,  but  it  will  be  seen  that  Rule  t>  makes  no  provision  at  all 
"for  any  meetings  of  that  nature,  except  that  they  shall  be  called 
"  whenever  the  Council  sees  fit,  and  that  the  Secretary  §hall  call 
"such  a  meeting  on  a  reciuisition  signed  by  fifteen  or  more  mem- 
"  bers.  It  seems  to  me  that  the  society  would  derive  great  bene- 
"fit  from  occasional  meetings  of  the  Kew  York  members." 

No  action  was  taken  ui)on  this  suggestion,  although  at  the 

same  meeting,  a  committee  for  the  revision  of   the  Kules   was 

appointed,  which  reported  at  a  special  meeting   called  for  the 

purpose,  December  8th,  1 885.     At  this  meeting  the  following 

six  members  were  present :  the  late  IMajor  Michaelis,  the  late 

Sidney  F.  Shclbourne,  John  Bogart,  Henry  B.   Slater,  Joseph 

Wetzler  and  the  writer.     The  outlook  for  meetings  of  any  kind 

at  that  time  was  decidedly  gloomy. 

TiiK  Movement  Ciieckkd,  but  not  Abandoned. 

Matters  moved  along  in  practically  the  same  groove  until  the 

next  annual  meeting,  held  May  18th,  188().     The  following  is  a 

quotation   from  the  report  of  your  present  Secretary,  who  had 

then  held  office  for  one  vear : 

*'  The  importance  of  the  various  electrical  problems  which  are 
"continually  being  brought  to  public  notice,  points  to  the  advisa- 
"  bility  of  holding  montluy  meetings,  for  the  discussion  of  current 
"  topics.  There  are  in  New  York  and  vicinity  a  sufficient  num- 
"  ber  of  members  to  make  such  meetings  successful,  especially  if 
"  those  who  are  capable,  and  have  had  ample  electrical  experience 
"  will  perform  their  duty  in  the  preparation  of  suitable  papers 
"  for  presentation  on  such  occasions.  I  can  see  no  reason  why 
"  such  a  gathering  might  not  be  held   monthly,  in  conjunction 
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'  with  tlie  regular  meetiDes  of  Council,  under  existing  arrange- 

*  ments.  A  suggestion  of  this  kind  was  made  by  my  immediate 
'  predecessor,  hut  not  having  been  acted  upon,  T  feel  it  my  duty 
'to  state  that  I  consider  something  of  this  kind  absohitely cs- 
'  sential  to  the  future  prosperity  of  the  Institute,  and  earnestly 
'recommend  that  the  matter  be  taken  up  at  this,  meeting.  If 
'  possible,  I  should  be  glad  to  see  at  least  six  members  or  associ- 
'  ates  now  appointed,  who  should  in  turn  present  suitable  papers 
'  for  discussion  on  such  occasions.  At  least  one  meeting  of  this 
'character  might  be  held  early  in  June,  and  upon  its  success 
'  would  depena  the  arrangements  for  future  gatherings.  I  have 
'  already  been  promised  a  paper  for  this  purpose,  and  it  is  verj' 

*  probable  that  gentlemen  who  could  not  comply  with  our  request 

*  to  submit  papers  at  the  present  time,  will  be  glad  to  do  so  at  a 
'more  convenient  season.  It  also  appears  probable  that  if  suit- 
'able  arrangements  were  made  for  reporting  the  proceedines  of 
'  these  meetings,  many  importAut  electrical  papers  would  be 
'brought  before  the  Insiitite,  which  are  presented  to  other 
'  societies,  although  perhaps  entirely   foreign   to   their  special 

*  field.  .  This  is  largely  the  result  of  a  popular  interest  in  electri- 

*  cal  researches  now  existing,  which  we  sliould  avail  ourselves  of 
'  to  stimulate  the  growth  oi  the  Institute. 

**  With  the  inauguration  of  such  a  policy  as  I  have  outlined, 
*your  Secretary   will  feel  far   better   satisfied  with  his  work, 

*  and  the  existence  of  the  Institute  will  gradually  become  more 
'  generally  known,  and  properly  appreciated  by  those  for  whow 
'benefit  it  was  founded. ' 

Notwithstanding  this  suggestion,  there  appears  to  have  been  a 
disposition  to  take  up  the  consideration  of  that  weighty  and  in- 
exhaustive  topic,  which  has  haunted  technical  societies  for  many 
years,  viz: — ''A  Universal  Wire-Gauge.'*  After  a  discussion 
which  left  the  wire-gauge  ({uestion  exactly  where  it  stands  to-day, 
excepting  that  three  or  four  new  gauges  have  since  been  added, 
Mr.  Mailloux  availed  himself  of  a  lapse  in  the  proceedings  to  call 
attention  to  the  Secretary's  recommendation  in  the  following 
words : 

''Has  anybody  taken  up  that  suggestion  about  the  monthly 
"meetings?  It  strikes  me  we  ought  not  to  let  an  important 
"  matter  like  that  pass  by.  There  is  quite  a  sentiment  in  favor 
*^  of  that  project  in  the  body  of  the  institution,  and  I  must  say, 
"  for  my  part,  that  I  favor  it  greatly.  I  believe  in  spreading  the 
*'  light  all  we  can  and  keeping  the  Institute  awake,  and  I  do  not 
*' think  there  is  anything  that  could  conduce  more  than  monthly 
"meetings  to  awakening  a  general  interest  in  electrical  matters, 
"  not  only  among  the  members,  but  with  the  general  electrical 
"public.  I  know  that  abroad  it  is  customary  for  societies  to 
"meet  oftener  than  three  or  four  times  a  year.     You  almost  for- 
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"get  that  you  have  been  there  after  three  months  and  forget 
"  aequaintauces  that  you  make.  Then  again  the  frequency 
"  of  meeting  sliould  be  made  to  excite  interest  in  certain  matters 
"  and  perhaps  to  replenish  the  literature  of  electricity  to  a  certain 
"  extent  People  do  not  have  time  to  write  and  elaborate  tlieir 
"  ideas  and  let  others  have  the  benefit  of  them,  but  if  they  have 
"  a  chance  to  come  together  once  a  month,  or  once  in  two  months 
"and  exchange  ideas,  I  have  no  doubt  that  friction  would  have 
"a  tendency  to  benefit  us  all  and  keep  us  brieht.  In  that  way 
"  we  would  provoke  discussion,  which  is  healtiiy  for  us  all,  and 
"at  the  same  time  we  are  producing  material  that  is  subsequently 
"published  and  is  going  to  be  beneficial.  It  will  help  to  supply 
"  a  long  felt  want  in  literature." 

I  do  not  know  that  Mr.  Mailloux  has  ever  made  any  preten- 
sions at  being  a  prophet,  but  he  certainly  gave  promise  of  being 
a  statesman.  The  matter  was  laid  aside  however,  and  the  irre- 
pressible wire-gauge  topic  was  again  recognized.  Then  the  ques- 
tion of  the  title  of  Past-President  was  discussed,  and  time  was  ap- 
parently slipping  away,  judging  from  the  tone  of  the  following 
remarks  which  bear  evidence  of  impatience  on  the  part  of  the 
Secretary. 

'"  I  know  it  is  getting  late  and  perhaps  some  of  the  members 
"are  tired,  but  I  do  not  want  to  see  the  meeting  slip  away  with- 
"  out  taking  some  action  on  the  monthly  meeting  business.  I  have 
"no  desire  to  see  action  tiken  on  it  merely  as  a  matter  of  form. 
"  There  are  monthly  meetings  and  monthly  meetings.  The  New 
"  York  Electrical  Society  has  monthly  meetings,  and  with  a  larger 
"  membership  than  ours,  the  meetings  are  not  as  well  attended  as 
"  they  should  be,  and  it  is  very  often  the  case  that  meetings  of 
"  this  kind  lack  interest,  and  for  that  lack  of  interest  members  do 
"  not  come.  If  they  came,  there  would  be  interest,  and  if  there 
"w^as  interest  they  would  come.  This  a  question  that  has  been 
"  discussed  I  presume  in  every  society  that  has  been  organized 
"in  New  York  City.  But  there  is  one  thing  about  New  York 
"City  that  appears  to  operate  against  the  success  of  evening 
*'  meetings,  and  that  is  this  gap  which  intervenes  between  office 
"  hours  and  eight  o'clock.  It  is  a  good  while  to  eat  dinner  in, 
" and  it  is  hardly  sufficient  time  to  go  home  and  return  in;  1 
"  have  talked  to  different  members  of  the  Institute  about  a  plan 
"  by  which  we  could  meet  at  some  down-town  or  up  town  hotel, 
"  making  arrangements  for  a  monthly  supper.  If  we  stay  we 
"  have  to  buy  our  supper  anyhow.  We  could  get  the  hotel  to 
"  furnish  a  room  for  discussion.  We  could  meet  there  at  six 
"  o'clock  and  take  supper  or  dinner  and  the  meeting  could  con- 
"vene  at  half  past  seven.  We  can  all  be  there  and  get  through 
"  the  work  in  decent  season.  That  would  also  give  an  oppor- 
"  tunity  for  those  who  wish  to  dine  at  home  in  preference  to 
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"  remaining  in  the  citv,  to  go  home  and  get  back  with  the  as- 
"  surance  that  there  will  be  a  quonim  wlien  thej*  return.  I  l)e- 
"lieve  that  by  this  means  and  by  the  appointment  of  one  of  our 
'*  members  to  present  a  paper  for  discussion — not  necessarily  a 
"very  elaborate  paper,  but  simply  sufficient  to  bring  up  points 
"  for  discussion,  that  we  may  have  \Qry  interesting  meetin^^'s. 
"  We  stand  very  differently  from  some  other  societies.  For  iii- 
"  stance,  there  is  the  Telephone  Exchange,  and  the  National  Eloc- 
"  trie  Light  Association — societies  which  are  devoted  to  special 
"  branches  of  electrical  work.  They  supply  topics  enough  tc» 
"  bring  half  a-dozen  papers  before  a  meeting,  on  their  practical 
"  branch ;  while  we  cover  the  whole  field  and  coiisequentlj  we 
"  have  a  vast  range  of  subjects  to  choose  from,  and  most  of  our 
"  members  are  competent  to  discuss  many  features  of  all  of  them. 
*'  I  merely  present  this  outline  as  a  matter  for  your  consideraiii»n» 
"  for  I  believe  it  is  essential  to  the  welfare  of  the  Institute 
"  that  we  should  get  together  oftener  than  once  a  year,  and  k- 
"  come  acquainted  with  each  other  and  make  our  existence 
"  manifest. 

The  matter  terminated  at  this  meeting  by  the  appointment  of 

a  committee  of  three  on  motion  of  Mr.  Mailloux,  to  consider  the 

subject  and  report  on  the  following   day.     This  committee  was 

comprised  of  Messrs.  C.  O.  Mailloux,  K.   W.  l*ope  and  Geo.  M. 

Phelps,  Jr. 

A  Starting  Point. 

The  report  of  this  committee  accepted  on  the  following  day, 
May  19th,  1880,  was  as  follows : 

"  The  committee  on  monthly  meetings  respectfully  report  that 
"  they  consider  such  an  arrangement  desirable,  and  recommend 
''  that  they  be  authorized  to  formulate  a  plan  for  such  report, 
"  subject  to  the  approval  of  the  Council.  In  the  judgment  of 
"the  committee  it  would  seem  advisable  that  these  monthly 
"  meetings  be  held  at  the  same  time  and  place  as  the  Council 
"  meeting,  and  they  would  recommend  that  the  next  Council 
"meeting,  on  the  first  Tuesday  in  June,  be  set  as  the  date  of  this 
"first  meeting,  at  which  the  committee  can  then  report  on  a  more 
"detailed  plan." 

^^ Resolved: — That  the  committee  on  monthly  meetings  be  and 
"  is  hereby  authorized  to  make  arrangements  for  such  gathering? 
"  as  may  be  considered  for  the  best  interests  of  the  Institute,  and 
*•  their  action  be  reported  to  the  Council  at  its  next  meeting  for 
"  approval." 

The  late  Mr.  Shelbounie  feared  that  as  summer  was  approach- 
ing the  plan  miglit^fail.     In  the  discussion  he  said  : 

"  Of  course,  I  believe  in  these  monthly  meetings,  and  I  believe 
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*•  ill  ort^anizing  them  and  carrying  out  that  plan  as  soon  as  prac- 
*'  ticable.  But  we  are  just  on  the  edge  of  summer,  when  every- 
'•  I)  >dy  goes  out  of  town,  and  people  prefer  to  loll  on  verandas 
**  with  palm-leaf  fans  in  their  nands  to  getting  together  in  meet- 
'^iiigs.  I  think  that  if  we  are  going  to  have  undue  haste  in  this 
*'  matter,  perhaps  we  will  defeat  the  very  object  we  are  trying  to 
^*  pn)mote. 

The  Secretary  liowever  feared  to  let  go   his  hold,  and   again 

came  to   the  supi)ort   of  a   measure  which   seemed   continually 

eluding  his  grasp,  hence  his  reply: 

'"Mr.  Shelbourne  has  brought  up  the  very  point  in  regard  to  it 
'*  that  1  mentioned  in  my  report,  that  is,  that  unless  we  have  a 
*•  meeting  the  first  of  June,  it  would  be  well  to  lay  it  over  until 
**autiiinn,  and  it  was  for  that  very  purpose  it  was  brought  up, 
*'  that  we  might  have  simi)ly  one,  in  oraer  to  start  it  before  suin- 
'*  mer,  for  fear  that  so  long  a  time  would  intervene  before  the 
*'  next  one,  that  instead  of  undue  huste  we  would  have  undue 
*'  negligence,  perh8j)s." 

The  First  Special  ''Monthly"  Meeting. 

Following  the  plan  thus  outlined,  the  first  special  meeting  was 
held  on  June  8th,  1880,  at  which  about  30  members  were  present. 
I  n  calling  the  meeting  to  order,  in  the  restaurant  of  the  Mills  Build- 
ing, 15  Broad  St.,  President  Franklin  L.  Pope  spoke  as  follows: 

"  It  gives  me  very  much  pleasure  to  see  so  large  an  attendance 
*'  on  this  occasicm,  the  first  of  our  monthly  meetings,  and  it  affords 
'"•  us  excellent  encouragement  as  to  what  we  may  expect  in  the 
•'  future.  It  is  an  old  maxim  that  we  should  always  attend  to 
*'  business  before  pleasure.  I  think  we  have  put  in  an  hour  of 
*'g<M)d  solid  business,  and  1  had  hoped  that  we  should  next  have 
'•  the  pleasure  of  listening  to  a  paper  on  the  subject  of  Incandes- 
''  cent  Lighting  from  Central  Stations,  by  Mr.  if.  M.  Byllesby  of 
*'tlie  Westinghouse  Electric  Company  ;  but  Mr.  Byllesby  has  un- 
"  fortunately  become  entanglerl  in  a  complication  oi  business  that 
*'  has  come  up  during  the  past  few  days,  which  has  occupied  his 
*'  time  so  fully  that  he  is  unable  to  be  present,  and  in  order, 
*'  therefore,  that  the  meeting  mav  not  be  disappointed,  we  have 
*'  asked  Dr.  Otto  A.  Moses,  to  favor  us  with  his  presence  this 
"  evening,  and  to  make  a  few  remarks  im  the  same  subject,  with 
*'  which  he  is  as  you  all  know,  very  familiar.  Dr.  Moses  has 
'•^  very  kindly  responded  to  our  re([uest  at  considerable  incon- 
*'  venience  to  himself,  and  will  now  open  the  discussion." 

Al'THOKITV  (rKANTP:D  HV  Coi'NCIL. 

This  meeting  was  followed  by  others  held  on  December  7, 1S86, 
Feb.  H,  and  March   15,  1S87. 
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According  to  the  minutes  of  Council  thene  meetings  were  au- 
thorized as  follows : 

••November  16.  18S6. 

The  Secretary,  from  the  Committee  oq  Monthly  Meetings  reported  that  Mr. 
Martin  had  offered  to  prepare  a  pai)er  upon  the  application  of  electricity  to 
street  railways  and  that  it  was  desirable  that  Coimcil  authorize  the  holding  of 
a  special  meeting  in  accordance  with  the  by-laws. 

On  motion  of  Mr.  Shclbotirno  it  was  voted  that  the  Committee  on  Monihly 
Meetings  be  authorized  to  act  at  its  discretion  in  the  calling  of  such  a  mcctini; 
with  full  power  as  to  place  and  circumstances.'* 


••January  11.  1887. 
The  Committee  on  Monthly  Meetings  was  authorized  to  call  another  special 
meeting  in  February  to  be  accompanied  by  a  dinner  and  the  Secretary  was  au- 
thorized to  provide  for  its  being  stenographically  reported." 


*  March  8th,  1887. 
The  Committee  on  Monthly  Meetings  reportal  that  they  had  had  in  view  an 
excursion  to  Tlaintield  in  lieu  of  the  March  meeting,  but  that  it  was  decided 
that  it  was  not  expedient  at  present,  and  it  wa^t  agreed  that  a  meeting  and  dinner 
should  be  held  at  C-able's  restaurant  on  March  15th." 

This  was  the  last  meeting  of  that  season. 

On  October  2nd,  the  Council  appointed  a  Committee  on  Papers 
and  Meetings,  since  which  tlate  arrangements  for  all  meetings 
have  been  made  by  the  Committee  in  co-operation  with  the  Sec- 
retary. 

The  following  is  an  extract  from  the  Introduction  to  tlie  fourth 

volume  of  the;  Tkaxsactions  : 

"  The  rapidly  extending  field  of  electrical  industrv  has  de- 
"veloped  a  corresponding  growth  of  scientific  electrical  research, 
'Sind  acting  upon  the  supposition  that  beneficial  results  would 
'"  follow  a  straightforward  attempt  to  encourage  the  inter- 
'' change  oi  ideas  upon  the  electrical  questions  of  the  hour,  the 
•'Council  has,  during  the  past  year,  appointed  more  frequent 
"  meetnigs,  the  records  of  which  are  now  jmblished  in  full.  The 
''  good  effects  of  this  policy  have  l)een  manifest,  not  only  in  the 
''steady  numerical  growth  of  mend>ershi]),  but  in  the  widespread 
"recognition  of  the  scientific  standing  of  the  iNsTiTirrKas  a  body. 
"  Some  of  the  most  distinguished  electrical  engineers  of  the  world 
"  have  appeared  before  it,  and  the  thoughts  of  its  members  have 
"been  stimulated  to  renewed  activitv  by  the  information  elicited 
''during  the  various  discussions  which  have  taken  place." 

The  Meetix(;s  Contimed  Keiutlaklv. 

The  season  1S87-S8  marked  the  regular  appointment  of  meet- 
ings, which  were  held  monthly   from  September  20th,  1887  to 
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April  10th,  1888  with  the  single  exception  of  the  night  of  the 
great  blizzard,  March  12th,  1888,  when  stenographer  Ryan  waited 
in  vain  for  even  a  glimpse  of  the  Secretary,  who  had  spent  the 
day  watching  a  new  window  thermometer  at  his  home  in  the 
snowbound  city  of  Elizabeth,  X.  J.  The  paper  scheduled  for 
that  evening  did  not  materialize  until  Febriiarv  12th,  1889. 

During  the  past  five  years,  meetings  have  been  held  practically 
every  month  during  each  season.  A  gradual  change  was  made 
however  in  the  practice  of  combining  a  meeting  with  a  dinner. 
It  was  found  that  there  were  a  few  who  did  not  approve  of  the 
plan,  while  others  thought  that  a  dry  paper  and  a  dry  dinner  were 
not  conducive  to  the  longevity  either  of  the  members  or  the  In- 
STiTUTK.  In  addition  to  his  responsibility  for  the  interest  of  the 
meetings,  the  Secretary  was  expected  to  vouch  for  the  compe- 
tence of  the  caterer,  and  the  skill  of  the  chef,  while  certain  famish- 
ing guests  would  implore  him  to  hurry  uj)  that  dinner,  regardless 
of  it^  condition.  The  object  sought,  had  however  been  attained. 
A  fair  audience  was  always  in  attendance,  and  the  Tkansao 
TioNs  will  bear  witness  to  the  fact  that  the  discussions  have  been 
well  sustained.  The  plan  of  meeting  over  a  dinner  table  was 
abamloned  after  less  than  a  year's  experience— not  l>ecau8e  it  was 
a  failure — but  for  the  reason  that  it  had  proved  successful  in  pro- 
vi<ling  that  momentum  which  has  since  been  maintained.  Ac- 
<iuaintances  had  been  formed,  and  that  enprit  du  corps  so  essen- 
tial to  an  organization  of  this  character  had  gradually  been 
established. 

Good  Effects  of  the  Pkactice. 

The  object  of  the  writer  in  directing  your  attention  to  this 
sketch  of  the  experience  of  those  who  undertook  the  task  of  or- 
ganizing meetings  in  New  York,  is  to  show  that  the  present 
standing  of  the  Institute  is  largely  due  to  the  persistence  of  the 
local  members  in  forcing  the  issue.  The  necessity  of  this  action 
was  not  generally  appreciated  at  that  time.  As  will  be  seen,  the 
movement  was  in  imminent  danger  of  being  side-tracked  to  make 
way  for  the  all  conquering  wire-gauge  (juestion,  which  like  a  weed 
driven  from  a  well  cultivated  garden,  may  find  refuge  upon  the 
premises  of  the  next  door  neighbor.  After  the  American  Society 
of  Mechanical  Engineers,  upon  whose  domain  it  has  recently  en- 
croached, has  passed  through  experience  similar  to  that  of  the 
electrical   organizations,   the   wire-gauge   family  will  perhaps  be 
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large  enough  to  organize  a  society  by  itself,  when  the  writer 
trusts  that  the  various  members  of  that  prolific  race,  may  follow 
the  historic  example  of  the  Kilkenny  cats. 

At  the  expiration  of  the  fiscal  year  May  17th,  18S7,  the  total 
paying  membership  of  the  Institute  was  98,  classified  as  follows: 

N«w  York  and  vicinity 55 

Other  places 48 

98 
One  year  later  the  membership  was  322,  classified  as  follows: 

New  Yovk  and  vicinity 152 

Other  places 170 

822 
The  present  membership  is  as  follows : 

New  York  and  vicinity 248 

Other  places. 494 

74« 
This  increase  was  largely  due  to  the  holding  of  more  frequent 
nieetinjfs,  bv  which  officers  and  members  were  stimulated  to 
greater  exertions,  while  the  electrical  public  generally,  were 
taught  to  appreciate  the  value  of  such  an  organization.  It  is 
scarcely  necessary  to  state  that  in  18SG  there  was  no  call  for 
meetings  to  be  held  elsewhere.  It  is,  however,  proper  to  add 
that  the  necessity  of  considering  the  (piestion  has  been  more  or 
less  j)ro(ninent  since  the  year  1888.  It  will,  ])erhaps,  Ik*  remem- 
bered that  at  about  this  time  there  was  a  widespread  movemeiit 
for  the  establishment  of  electric  clubs.  It  had  no  doubt  l)eeii 
assumed,  that  the  failure  to  establish  permanent  local  electrical 
societies  was  due  to  the  fact  that  they  lacked  the  incor]K>nition 
of  certain  social  features,  and  were  therefore  avoided  bv  an  ele- 
ment  which  would  otherwise  contribute  to  their  success.  At- 
tempts were  made  to  combine  the  scientific  and  practical,  with 
the  social  features,  and  the  plan  had  the  aj)pearance  of  l)eing  a 
good  one.  It  was  sufticientlv  attractive  to  divert  the  support  of 
electrical  men  to  such  local  organizations,  and  the  policy  of  the 
iNSTixrTE  has  been  to  carry  on  its  own  work  without  the  slightest 
attempt  to  intrude  upon  the  field  already  occupied  by  local  asso- 
ciations. Any  movement  in  this  direction,  would  no  doubt,  have 
lei  to  jealousy  and  antagonism,  productive  of  more  harm 
than  good.  It  is  doubtless  true  that  the  organizers  of  local  asso- 
ciations, have  seen  no  way  by  which  they  could  accomplish  their 
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object,  excepting  upon  a  strictly  independent  basis ;  certainly  the 
Institutk  has  never  offered  a  plan  by  which  they  conld  assemble 
under  its  auspices. 

Authority  for  Holding  Local  Meetings. 

Instead  of  the  Kules  of  the  Institute  not  providing  for  local 
meetings,  it  appears  to  the  writer  that  the  opposite  is  the  case. 
The  rule  governing  nicf'tings  has  already  been  quoted.  It  was 
fiup[)osed  in  1880  that  some  amendment  to  the  Rules  was  neces- 
sary to  meet  the  proposed  conditions,  but  at  the  annual  meeting, 
May  18th,  1S8T,  it  was  ofticiallv  announced  from  the  Chair  that 
no  further  legislation  was  necessary.  At  that  meeting  the  follow- 
ing ej)isode  occurred  : 

Mr.  Mailloqx  : — I  wouKl  like  to  call  attention  to  the  fact,  that 
no  action  has  been  taken  yet  to  perpetuate  the  arrangement  in 
voijue  last  year,  for  monthly  meetings. 

The  President: — [Mr.  i\  0.  Martin.)  It  is  within  the  dis- 
cretion of  the  Council. 

Mr.  Mailloux: — It  was  intended  to  have  some  amendment  to 
the  Constitution  at  this  meeting,  was  it  not  i 

The  President  : — It  was  found  that  no  action  was  necessary. 

[The  general  meeting  then  adjourned] 

It  would  therefore  appear  that  under  Kule  6,  meetings  may  be 
chilled  at  the  discretion  of  Council,  or  by  the  Secretary  upon  the 
petiti(m  of  tifteen  members.  The  assumptiim  is,  that  in  the 
opinion  of  those  who  suggested  this  rule,  the  grouping  of  fifteen 
meml)ers  was  of  sufficient  imj)ortance  to  warrant  the  holding  of 
a  meeting.  No  restriction  exists  as  to  the  place  of  meeting,  due, 
no  doubt,  to  the  well  known  practice  of  national  societies  of 
holding  their  meetings  in  various  parts  of  the  country. 

The  history  of  the  movement  for  holding  monthly  meetings  in 
New  York  City,  has  been  given  you  for  the  purpose  of  showing 
that  they  were  authorized  onlfj  upon  the  nitonfenftation  of  an 
earnest  desire  on  the  part  of  a  sutKcient  number  to  lu»ld  such 
■meetings.  It  is  evident,  however,  that  unless  the  privileges  con- 
ferred by  the  Rules  arc  pointed  out,  or  until  some  person  evinces 
sufficient  interest  to  inquire  what  steps  are  necessary  to  secure 
tiuch  privnleges,  the  Council  is  not  in  a  position  to  act. 

This  question  has  already  been  brought  up  by  the  inquiry  of 
Dr.  Perrine,  at  the  annual  meeting,  May  16th,  1893,  already 
referred  to,  and  by  Mr.  Steinmetz,  at  the  monthly  meeting,  Sep- 
tember 20th,  1893.     At  an  informal  meeting  of  the   Chicago 
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members,  at  the  World's  Fair  quarters  of  the  Institute,  Septem- 
ber 2d,  1893,  the  occasion  was  availed  of  to  point  out  what  pro- 
ceedings were  necessary,  on  the  part  of  members,  to  bring  about 
meetings  of  the  Institute  in  Chicago  and  vicinity.  A  commit- 
tee was  appointed  to  canvass  the  membership  and  advise  the 
Council,  or  petition  the  Secretary,  as  might  seem  most  expedient 
as  provided  l)y  Rule  6. 

There  has  been  a  disposition  to  characterize  this  movement  hs 
contemplating  the  organization  of '* branches"  or  "chapters;' 
The  reason  for  this  may  have  been  that  no  other  plan  seemed 
feasible,  and  even  this,  as  may  readily  be  seen,  would  require  a 
revision  of  the  Rules.  In  considering  this  question,  the  Council 
has  been  confronted  by  various  obstacles. 

If  at  the  proposed  meetings,  papers  were  read  and  discussed  in 
addition  to  the  ordinary  schedule  of  the  year,  the  publication  of 
this  additional  matter  might  incur  an  expense  beyond  the  present 
income  of  the  Institute.  Such  a  plan  might  result  in  a  sufficient 
growth  of  membership  to  warrant  assuming  the  risk,  but  this 
could  be  demonstrated  only  by  experience.  There  has  not  at  any 
time  been  a  suilicient  indication  of  a  strong  desire  to  hold  meet- 
ings in  other  cities,  consequently  the  Council  has  not  seen  any 
necessity  of  arranging  for  their  appointment. 

Proi'oskd  Plan  of  Action. 

Having  called  attention  to  the  points  requiring  consideration, 
the  writer  will  direct  your  attention  to  apian  originally  suggested 
by  Mr.  Martin,  Chairman  of  the  Committee  on  Papers  and  Meet- 
ings, but  which  has  been  tentatively  discussed,  and  elaborated, 
and  finally  molded  into  what  appears  to  be  a  practical  form. 

The  basic  principle  is  the  division  of  the  monthly  meetings 
into  sections — not  because  of  the  discussion  of  different  subjects — 
but  for  the  purpose  of  overcoming  the  geographical  difficulty 
which  confronts  us.  There  might  be  for  example,  in  the  case  of 
the  81st  meeting,  a  New  York  section,  a  Chicago  section,  and  a 
Lynn  section,  which  would  be  called  together  upon  the  same  date. 
The  paj)er  announced  for  the  meeting  is  printed  and  distributed  in 
advance  to  the  members.  At  those  points  where  the  various 
sections  are  to  meet,  and  the  author  is  not  present,  the  member 
selected  to  present  the  pai)er,  should  be  provided  with  an  early 
proof  so  that  he  may  be  prepared  to  reply  to  any  questions  that 
may  arise.     These  sectional  meetings   might  be  presided  over  by 
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regularly  elected  members  of  the  Council,  or  a  temporary  chair- 
man ;  either  course  being  available.  The  details  of  arrangement 
for  such  meetings  would  necessarily  be  in  the  hands  of  a  local 
committee  or  secretary.  Notes  of  the  discussion  could  be  taken 
by  the  secretary,  and  afterwards  written  out  in  full  by  the  speak- 
ers, or  a  verbatim  report  could  be  made  if  the  necessary  expense 
was  provided  for.  In  any  case  the  report  of  the  discussion 
might  be  sent  to  the  secretary,  and  revised  by  the  Editing  Com- 
mittee. In  case  of  duplication  of  ideas,  the  points  raised  could 
be  made  more  emphatic  by  inserting  in  brackets,  or  as  a  foot- 
note, words  to  this  effect :  "  in  the  discussion  of  this  paper  by 
the  Chicago  section,  Mr.  A.  raised  a  similar  point." 

It  appears  reasonable  to  suppose  that  the  division  of  a  meeting 
into  sections  at  a  distance  from  each  other,  would  awaken  re- 
newed interest  in  the  proceedings,  due  to  the  thoroughness  with 
which  the  papers  would  be  discussed,  as  well  as  the  novelty  of 
the  plan.  It  is  also  evident  that  with  the  aid  of  the  long-dis- 
tance telephone,  each  section  might  be  placed  in  communication 
with  that  at  which  the  author  was  present,  and  thus  secure  satis- 
factory replies  to  any  question  that  might  arise.  This  is  a  simple 
suggestion  in  the  way  of  meeting  objections  which  have  been 
raised  to  the  absence  of  the  author  from  meetings  where  a  paper 
is  read  by  proxy.  Asa  matter  of  fact,  however,  the  reading  of 
papers  by  proxy  is  quite  a  common  practice  in  all  societies,  al- 
though the  presence  of  the  author  is  desirable  for  many  reasons. 

It  is  well  to  understand  that  the  popular  idea  of  a  successful 
meeting,  is  one  where  an  audience  is  present  sufficiently  large  to 
fill  a  room,  although  the  actual  proceedings  may  be  participated 
in  by  a  very  small  number.  The  normal  audience  of  Institute 
members  might  be  enlarged  by  the  establishment  of  an  informal 
list  of  *' provisional  members"  or  "auditors,"  who  would  be 
simply  invited  guests,  and  who  might  be  permitted  to  take  part 
in  the  discussion  under  certain  restrictions.  The  names  of  these 
provisional  members  would  not  be  placed  on  the  Institutp:  list, 
and  they  would  not  be  entitled  to  the  printed  Transactions,  until 
they  were  regularly  proposed  for  membership,  and  elected  by  the 
Council  in  the  usual  njanner. 

In  cases  where  a  local  organization  already  exists,  its  member- 
ship might  l>e  considered  as  "  provisional  members  "  of  the  In- 
stitute or  "auditors"  as  already  suggested.  The  latter  title  or 
an  equivalent  would  be  preferable  as  not  implying  membership 


640  POPE  ON  MONTHLY  MEETINGS.  [Oct  18, 

of  any  grade.  Notices  could  be  mailed  to  these  either  by  the 
Secretary  of  the  Institute;  or  the  local  secretary  as  might  be  most 
convenient. 

Questions  of  Finance  and  Policy. 

There  remains  at  least  one  question  to  be  solved  in  connectioD 
with  this  plan.     No  provision  has  been  made  for  the  additional 
expense  arising  from  the  establishment  of  sectional  meetings.  It 
would  appear  proper  that  a  small  fee  be  required  from  provision- 
al members,  which  would  have  a  good  effect  in  assuring  them  that 
they  were  properly  entitled  to  attend  the  meetings.     The  amount 
of  this  fee  would  depend  upon  the  local  expense  incurred.    The 
question  of  meeting  these  expenses  would  necessarily  betirstin 
order,  and  a  provisional  plan  should  be  devised  at  the  outset.    In 
the  case  of  Chicago,  the   Armour  Institute  has  offered  to  the  In- 
stitute very  desirable  quarters  for  local  meetings  free  of  charge. 
No  doubt  similar  arrangements  could  be  made  with  other  collegee, 
where   advanced  students  could    be  placed  on  the  unofficial  list 
and  given  the  benefit  of  experience  in  meetings  of  this  character. 
The  faculty  of  the  Massachusetts  Institute  of  Technology  has  rec- 
ognized the  necessity  of  such  practice,  and  provides  for  the  hold- 
ing of  meetings  where  papers  are  read  and  discussed  in  accordance 
with  the  practice  of  technical  societies.    There  would  be  a  decided 
advantage   in   giving  these  students'  meetings   a   more  practical 
diameter,  and  by  possibly  raising  the  standard  of  the  meetings  by 
actual  participation  in  the  proceedings  of  an  established  national 
society. 

In  the  case  of  papers  originating  with  members  within  the 
jurisdiction  of  any  section,  the  regular  procedure  would  be  for 
papers  to  be  submitted  to  the  Committee,  or  the  Secretary  as  is 
now  the  case,  and  if  accepted,  to  be  printed  and  circulated  in  the 
ordinary  manner.  The  author  could  then  be  given  the  option  of 
leading  it  at  whichever  section  might  best  suit  his  convenience. 

The  standard  of  papers  read  would  doubtless  be  fully  equal  and 
perhaps  even  higher  than  that  already  attained.  This  is  a  ques- 
tion however,  that  would  be  settled  more  satisfactorily  by  exper- 


ience. 


There  is  little  doubt  that  the  introduction  of  the  practice  of 
monthly  meetings,  has  been  of  great  benefit  to  the  Institute,  not 
only  in  the  immediate  vicinity  of  headquarters,  but  throughout 
the  country.     It  has  also  been  of  great  advantage  to  electrical 
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practice  generally.  By  increasing  the  importance  of  these  meet- 
ings, in  the  bringing  together  of  our  members  in  various  parts  of 
the  countrj',  the  Institute  would  attain  still  higher  standing  and 
the  value  of  membership  appreciated  accordingly.  The  possibil- 
ity of  sectional  jealousy  will  be  reduced  to  the  minimum,  and  any 
possible  supremacy  of  one  section  over  another  will  be  due  simply 
to  the  ability  and  energy  of  its  members,  leather  than  to  their 
mere  number. 

The  Practice  of  Other  Engineeking  Societies. 

The  questions  discussed  in  this  paper  have  been  brought  for- 
ward in  various  forms  in  every  national  society  ever  organized  in 
this  country.  They  have  been  met  in  an  imperfect  manner  by 
many  of  them.  The  American  Society  of  Civil  Engineers  holds 
meetings  twice  each  month  in  New  York  City,  appointed  by  the 
Board  of  Direction.  It  also  holds  an  annual  convention  at  any 
point  in  the  country  which  may  be  selected  by  vote.  The  Ameri- 
can Society  of  Mechanical  Engineers  holds  its  autumn  meeting 
in  New  York  City,  and  its  spring  meeting  elsewhere.  Last  year 
it  took  place  in  San  Francisco,  The  American  Society  of  Min- 
ing Engineers  holds  its  meetings  at  various  points  in  the  country, 
three  times  each  year.  The  American  Institute  of  Architects  is 
organized  on  the  chapter  system,  holding  local  meetings  and  an 
annual  convention  of  delegates.  The  writer  has  examined  this 
system  with  considerable  interest,  but  does  not  consider  it  adapted 
to  the  present  needs  of  electrical  engineers. 

As  was  pointed  out  in  the  discussion  of  this  question  at  the 
annual  meeting,  it  had  been  ignored  by  the  American  Society  of 
Civil  Engineers  until  the  local  societies  had  in  many  cases  gained 
such  strength  that  they  declined  to  be  amalgamated  with  the 
national  body. 

As  one  instance  of  the  importance  of  such  societies  your  atten- 
tion is  directed  to  the  Engineers'  Society  of  Western  Penn- 
sylvania, which  was  incorporated  in  I8S0.  Its  charter  permits 
theadmission  of  civil,  mechanical  and  mining  engineers,  geologists, 
architects,  managers  and  superintendents  of  railroads,  mills  and 
manufactories  and  other  persons  engaged  in  scientific  and  mechan- 
ical pursuits  pertaining  to  engineering,  either  as  active  or  honorary 
members.  It  holds  monthly  meetings  and  prints  its  transactions 
upon  the  same  plan  as  the  Institute,  issuing  temporary  monthly 
parts  and  a  volume  made  up  from  them  at  the  end  of  the  year. 
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Engixkerino  S<wieties  of  America, 

[Compiled  from  a  Table  prepared  by  Prof.  J.  B.  Johnson  of  St.  Louis,  Dec.  21,  i8q2.] 
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National. 

Am.  Soc.  of  Cinl  Engineers 
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Boston  Soc.  of  ('ivil  Engineers 

Engineers*  Club  of  St.  Louis 

Western  Soc.  of  Engineers 

Engineers'  Club  of  I'hila 

Civil  Engineers'  Club  of  Cleveland.. 

I 
Engineers*  Soc.  of  W.  Penna 

Denver  .Soc.  of  Civil  En\jincers I 

Engineers'  Soc.  of  St.  Paul 1 

Engineers'  Club  of  Minneapolis ' 

Technical  Societv  of  Pacific  Coast  .  . 

I 

Canadian  Soc.  of  Civil  Engineers. . ., 
Montana  Soc.  of  Civil  Engineers  . . . 

Engineers'  Club  of  Kansas  City. . .  .1 

I 
Engineers'  Club  of  Cincinnati ' 

Flngineering  Association  of  the  South.! 

Wisconsin  Po.ytechnic  Society 

Engineers  and  Architects'  Club, 

Louisville,  Ky. . 

Total, 
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10  00  ) 
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II 


18 


12 


12 
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Its  membership  is  not  geosfraphically  restricted  as  its  title  implies, 
but  members  are  accepted  from  all  parts  of  tlie  world  and  number 
540,  a  large  proportion  of  whom  are  probably  not  members  of 
any  other  society.  This  society  has  also  permitted  the  establish- 
ment of  what  is  known  as  "  the  chemical  section"  within  its  own 
ranks,  and  jurisdiction,  being  practically  an  independent  organiza- 
tion, meeting  on  different  nights  and  having  a  distinct  set  of 
officers  and  rules. 

A  table  is  given  herewith  showing  the  relative  numerical 
strength  of  these  various  societies.  It  will  be  seen  that  all  of 
the  minor  societies  hold  more  frequent  meetings  than  two  of  the 
largest  national  societies.  This  table  is  incomplete,  especially  as 
regards  local  electrical  societies  and  clubs,  and  the  membership 
statistics  have  not  been  brought  down  to  this  date.  It  is  given 
as  an  instructive  example  of  the  tendency  of  the  times. 

There  can  be  no  doubt  in  the  mind  of  any  reasonable  man  that 
some  plan  should  be  devised  by  which  this  demand  for  local  ' 
meetings  can  be  provided  for.  How  to  attain  this  desired  end  ; 
how  to  reach  and  interest  distant  members ;  how  to  make  each 
member  feel  that  he  has  value  received  in  return  for  the  money 
invested  ;  how  to  make  the  Institute  the  leading  technical  society 
in  the  country,  these  are  a  few  of  the  problems  that  your  Secre- 
tary invites  you  to  consider  and  assist  him  in  solving. 


Mr.  R.  W.  Popk  : — As  this  paper  has  been  presented  in  ad- 
vance, and  is  now  in  your  hands,  instead  of  reading  it  in  full  I 
propose  to  utilize  my  time  by  reading  a  portion  of  i\\Q  communi- 
cations I  have  received,  after  which  I  would  be  pleased  to  have 
Dr.  Emery  open  the  discussion.  I  did  not  learn  until  yesterday 
that  the  American  Chemical  Society,  which  is  not  incluued  in  the 
printed  list,  had  been  reorganized  on  a  basis  of  local  sections, 
something  as  is  suggested  in  the  paper.  Dr.  ('.  A.  Doreums,  one 
of  our  own  members,  is  on  their  committee  on  membership,  and 
I  sent  over  to  him  for  a  copy  of  the  constitution  and  by-laws  of 
the  American  Chemical  Society.  Ilis  letter  in  reply  to  mine  is 
of  interest. 
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CoRRKSPON'DKNCE. 

[fkovi  dr.  c.   a.  DOREMUS.J 

Al)out  two  years  ago,  to  meet  tlie  demands  of  chemists  tliroiigli- 
oiit  the  country, ^the  American  (chemical  Society  was  re-organized 
on  a  basis  very  nearly  like  that  of  the  iiritish  Society  of  Chemical 
Industry.     As  the  society  is  now  organized,  there  is  a  general 
council  and  officers  elected  each  year  at  the  general  meetinfj, 
which,  owing  to  the  fact  that  the  society  is  incorporated  under 
the  laws  of  the  State  of  New  York,  is  of  necessity  held  in  this 
citv.     There  is  also  a  board  of  directors.     The  votin^:  is  done  l)V 
ballot  and  in  part  by  proxy,  but  the  chief  point  is  that  all  sections 
of  the  country  are  represented  in  the  general  management.    Tlie 
society  has  now  several   local  sections,  the  New  York,  Rhode 
Island,  Washington  and  Cincinnati,  and  I   think  Brooklyn  also. 
The  meetings  of  these  sections  are,  of  course,  held  at  the  respective 
points,  but  the  papers  read  are  published  in  the  journal  of  the 
society,  of  which  l^rof.  Edward  llart,  of  Easton,  ta.,  is  the  edi- 
tor.    Of  course,  by  this  method  it  is  impossible  to  have  discus- 
sions of  the  papers  presented,  but  after  all,  this  docs  not  seem  to  lie 
so  absolutely  necessary.     Since  adopting  this  form  of   organiza- 
tion the  society's  influence  and  membership  have  greatly  increased. 
As  Chairman  of  the  Committee  on  Admissions  I  signed  to-day  33 
applications  for  membership  from  chemists  in  every  part  of  the 
country. 

For  the  {)ast  year  or  so  we  have  held  one  general  meeting  out- 
side of  New^  York.  The  Congress  at  Chicago  was  very  succesfl- 
ful.  I  regret  very  much  that  a  previous  engagement  which  I 
could  not  break  prevents  my  being  present  tliis  evening  at  the 
meeting  of  the  Institute;  but  I  am  quite  certain  that  any  step 
taken  in  the  direction  of  that  which  you  propose  will  be  followed 
by  a  vastly  increased  influence  of  this  body,  both  in  the  science 
and  ])ractice  of  electrical  engineering. 
New  York  City,  October  18,  1893. 


[from    a.  J.    BLOOR,    secretary     new     YORK     CHAPTER,    AMERICAN' 

INSTITUTE    OF    ARCHITECTS.] 

Yours  of  yesterday  is  before  me.  Having  been  active  in  the 
formation  of  the  Chapter  system,  and  in  the  correspondence  lead- 
ing to  it,  I  can  tell  you,  in  general  terms,  that  it  was  adopted 
after  much  discussion,  as  the  best  means  of  utilizing  in  the  inter- 
est of  the  architectural  profession  and  in  the  most  effective  way, 
the  centralizing  and  separative — the  individualistic  and  federalis- 
tic — in  short  the  centripetal  and  centrifugal  forces  and  tenden- 
cies which  underlie,  in  various  degrees  of  distribution,  all  humao 
effort,  in  common  seemingly  w-ith  every  department  of  mental 
and  mechanical  dynamics  in  the  universe.  Our  chapter  system 
is  analagous  to  the  political  system  prevailing  between  our  Fed- 
eral Government  and  the   various  states,  and  it  is  necessarily 
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adopted  in  tliis  country  for  all  important  fraternities,  secular  or 
religious,  and  for  all  large  schemes  of  commerce  and  finance.  I 
may  add  that  our  initiative  has  served,  as  an  example,  for  several 
of  the  architectural  brotherhoods  of  Europe ;  and  that  when 
several  years  ago,  the  Western  Association  of  Architects  was 
consolidated  with  our  Institute,  the  Chapter  system  was  perpetu- 
ated under  the  vote  of  a  very  large  niajoritv,  notwithstanding  the 
efforts  of  a  faction  more  intent  on  personal  aggrandizement  than 
on  altruistic  practices. 

New  York  City,  September  26th,  !893. 


[from    MR.   GEORGE   HILL.] 

The  problem  that  is  correctly  stated,  usually  contains  in  that 
statement  an  indication  of  its  correct  solution.  In  the  paper  by 
Mr.  Pope,  we  have  a  statement  of  a  problem  that  has  not  only 
been  affecting  the  American  Institute  of  Electrical  En- 
gineers, but  ev^ery  other  national  technical  body,  practically  since 
their  organization. 

It  is  eminently  right  and  proper  that  the  head^piarters  of 
a  national  institution  should  be  m  some  one  of  the  great  centres 
of  population.  At  the  same  time  it  is  a  necessity  that  there 
shoula  be  in  other  of  the  great  centres,  and  many  of  the  lesser 
centres  of  population  and  especially  in  those  smaller  manufac- 
turing townswhere  the  industries  are  largely  concentrated,  many 
men  of  the  same  profession  who  are  anxious  to  meet  their  fellow 
workers  for  the  interchange  of  ideas,  and  the  advantages  which 
flow  therefrom. 

The  history  of  the  American  Society  of  Civil  Engineers,  and 
the  growth  of  associations  of  similar  interest  in  different  parts 
of  the  countrv  not  associated  with  it,  indicate  an  unfortunate 
line  of  development,  which  may  serve  as  a  warning  for  the  In- 
stitute. On  the  other  hand,  the  number  of  papers  read  at  the 
Civil  Engineers  and  the  discussions  evolved  thereby,  show  that  the 
profession  in  Xew  York  is  fully  alive  to  the  advantages  flowing 
therefrom,  and  as  a  consequence,  not  monthly  meetings,  but  semi- 
monthly meetings  were  held  and  are  well  attended.  The  civil  engi- 
neers, however,  have  but  one  meeting  place,  and  the  need  for  tech- 
nical societies  elsewhere  has  developed  other  local  societies  whose 
membership  is  57  per  cent,  of  that  of  the  national  societies.  This 
may  be  taken  to  represent  the  alternative  which  will  follow  from 
a  refusal  of  the  Institute  to  sanction  meetings  in  places  other  than 
New  York.  On  the  other  hand  we  have  the  unsatisf actorv  nature  of 
the  Engineering  Congress  at  Chicago,  as  indicating  in  a  measure 
what  might  happen  were  the  Inshtute  to  authorize  meetings  in 
different  places  lor  the  discussion  of  papers  simultaneously  dis- 
cussed in  New  York.  That  is  to  say  the  volume  of  discussion 
would  be  so  great  that  it  would  be  exceedingly  difficult  to  avoid 
burdensome  repetition  in  the  discussion,  and  serious  offeu&eli 
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each  man  did  not  have  his  discnssion  printed  in  fnll  in  theTsAss* 
ACTIONS,  losing  him  as  a  possible  discusser  of  other  papers.  A 
further  disadvantage  would  be  in  the  extremely  limited  number 
of  papers  which  would  be  read  during  the  year.  In  electricity, 
the  field  is  so  extremely  wide,  the  various  matters  requiring  at- 
tention so  numerous,  tnat  there  is  practically  no  limit  to  the  num- 
ber of  subjects  available  for  papers  that  could  be  discussed  with 
advantage,  while  the  acquisition  of  data  is  so  great,  that  in  many 
cases  yearly  publication  of  papers  on  the  same  subject  would  be 
extremely  interesting. 

Should  we  then  attempt  to  discuss  at  any  one  meeting  all  of 
the  papers  submitted  by  an  active  earnest  membership,  with  a 
dozen  different  branches  scattered  through  the  country,  we  should 
have  either  a  mass  of  discussion  which  would  not  be  advantageous 
by  reason  of  its  repetition,  or  a  single  discussion  of  each  paper. 

While  the  plan  adopted  at  the  World's  Congress  was  defective 
bv  reason  of  the  fact  that  discussions  in  the  various  sections  were 
going  on  simultaneously,  it  seems  to  me  that  it  contains  the  germ 
of  the  solution  of  the  problem,  which  would  follow  in  the  general 
lines  laid  down  by  Mr.  Martin,  and  to  which  Mr.  Pope  calls  at- 
tention on  page  507.  That  is  to  say,  the  iNsxriUTE  would  have  a 
number  of  sections,  but  departing  from  the  suggestion  in  other 
particulars. 

The  plan  that  I  would  advise  would  be : — 

First.  The  establishnient  of  a  series  of  sections  wherever  a 
number  of  members  of  the  Institute,  say  a  dozen,  were  willing 
to  meet  regularly. 

Second,  The  discussion  by  them  at  any  one  meeting  of  some 
one  of  the  papers  submitted  for  reading  at  this  meeting  as  may 
be  determined  upon  by  a  vote  of  the  membership  of  the  section. 

Third.  Should  any  member  of  a  section  desire  to  discuss  a  pa- 
per, which  his  section  does  not  care  to  discuss,  he  can  present  nis 
discussion  to  the  New  York  section,  where  it  would  be  embodied 
in  the  discussion  printed  in  the  Transacjtions.  The  question  of 
a  meeting  room  would  be  simply  solved,  since  in  every  town  suf- 
ficiently large  to  have  one  dozen  or  more  members  of  the  Insti- 
tutk  there  would  be  some  place  for  the  advancement  of  science, 
which  could  be  availed  of  at  a  nominal  expense.  For  reporting 
the  proceedings  the  members  attending  the  section  could  no  doubt 
arrange  with  a  stenographer  for  what  would  be  a  nominal  sum 
for  each  one  of  them,  l)ut  a  considerable  sum  to  the  stenographer 
to  be  present  once  a  month  for  the  purpose  of  a  report. 

The  operation  then  would  be,  that  papers  would  be  submitted 
to  the  Council  as  at  present,  but  it  would  be  necessary  to  hare  the 
Committee  on  Papers  divided  into  sections  so  that  the  papers 
submitted  could  be  promptly  passed  upon.  Thev  would  be  sent 
out  for  publication  two  months  before  being  read  instead  of  one 
month  as  at  present.  This  would  give  sufficient  time  for  the  pre- 
paration of  a  careful  discussion  where  desired.     It  would  aisoeD 
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able  the  membership  to  determine  each  month  the  paper  that 
they  desired  to  discuss  next  month,  and  then  secure  the  concen- 
tration of  any  one  section  on  some  particular  paper. 

Concerning  the  bubject  of  papers,  it  seems  to  me  as  though 
the  sub-division  adopted  of  pure  theory,  theory  and  practice,  and 
pure  practice,  is  in  its  fundamental  principles  good.  Keviewing 
briefly  the  papers  that  have  been  presented  during  the  past  year, 
there  are  only  two  or  thr^e  that  nave  been  of  any  practical  use 
to  me  because  my  work  is  entirely  with  buildings,  and  my  in- 
terest in  electricity  is  that  of  using  the  most  convenient  of  all 
possible  forms  for  the  distribution  of  energy.  I  cannot  try  ex- 
periments; lean  only  attempt  to  give  my  client  those  things 
that  are  sanctioned  by  the  best  of  present  practice.  Therefore, 
the  papers  that  interest  me  are  those  connected  v*ith  the  genera- 
tion of  current  for  lighting,  heating,  elevating,  ventilating,  etc. 
Methods,  therefore  ot  generation  and  distribution,  possess  a  vital 
interest,  and  pai)erfi  like  Mr.  llering's,  Mr.  Marks',  Mr.  Moore's 
and  others  of  a  similar  nature  are  of  great  nse  to  me  when  brought 
to  a  practical  issue.  Papers  however,  on  Hedgehog  transformers 
and  condensers,  while  of  ultimate  value  as  bringing  into  use 
methods  which  may  prove  economical  in  the  future,  are  not  of 
present  and  immediate  value.  Still,  as  I  am  only  one  of  nearly 
800,  I  cannot  complain,  because  the  interests  of  others  must  be 
considered.  If  however,  we  could  have  a  dozen  pa])ers  each 
month,  there  would  no  doubt  be  one  every  month  that  would  be 
of  value  to  me. 

Another  point  that  would  be  served  by  a  subdivision  would  be 
an  economizing  of  time.  Such  ]>apers  as  those  of  Mr.  Moore 
and  Mr.  L.  B.  Marks,  are  of  very  great  value  beyond  a  doubt.  At 
the  same  time  not  having  reached  the  commercial  basis,  they,  I 
think,  properly  belong  to  the  realm  of  theory,  and  were  they 
classified  as  such,  those  circumstanced  similarly  to  myself,  would 
be  saved  the  time  necessary  to  read  them,  because  the  amount  of 
reading  that  we  must  necessarily  do  in  order  to  keep  posted  with 
those  things  that  are  of  immediate  value  is  so  great  as  to  be 
burdensome,  and  it  is  therefore  very  desirable  to  avoid  adding 
to  it  by  going  through  pa])ers  which,  although  intensely  interest- 
ing, are  not  necessary  for  the  successful  prosecution  of  our  work. 

As  an  illustration  of  the  desirability  of  allowing  more  time  to 
elapse  between  publications  of  the  papers  and  the  meeting,  I  may 
state  that  through  no  fault  of  the  committee  I  feel  very  sure,  I 
only  obtained  the  Transactions  on  the  morning  of  the  l8th  and 
by  sending  specially  for  it,  a  copy  of  Mr.  Pope's  paper  on  the 
iTth.  This  gave  an  insutticient  amount  of  time  to  prepare  a 
discussion  thereof,  which  should  be  in  all  of  its  branches  well 
considered,  and  this  must  be  my  excuse  for  not  presenting  my 
views  in  better  shape. 

In  conclusion,  while  I  do  not  entirely  agree  with  any  of  the 
suggestions  made,  I  am  so  convinced  of  the  importance  of  carry- 
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ing  out  some  one  of  them,  that  no  matter  what  can  be  agreed 
upon  by  members  of  the  Institute,  it  may  be  assured  of  my 
hearty  support.  Ho  plan  that  may  be  adopted  after  such  dis- 
cussion as  has  been  heard  can  fail  to  be  valuable,  and  it  is  ODiy  a 

question  of  degree  that  is  involved. 
New  York  City,  Oct.  18th,  1893. 


[from   MR.    CHARLBS   P.    8TEINMETZ.] 

After  1  eturnins:  from  ]\'ew  York  last  month  I  reported  to  the 
next  meeting  of  the  Thomson  Scientific  Club  that  the  sentiment 
of  the  American  Institute  of  Electrical  Engineers  was,  in 

feneral,  favorable  to  the  establishment  of  local  meetings  in 
lynn.  In  consequence  tht  reof  a  Committee  was  appointed  by 
the  Thomson  Scientific  -Club,  consisting  of  the  following  mem- 
bers of  the  Instiiute:  Mr.  Chas.  P.  Steinmetz,  ('hairman;  Dr. 
Louis  Bell,  Mr.  II.  F.  Parshall,  Mr.  J.  P.  B.  Fiske  and  Mr. 
Franklin  Sheble,  to  investigate  the  feasibilitv  of  organizing  a 
local  branch  of  the  Amekjcan  Institute:  of  tlLKcrRicAL  Engi- 
neers in  connection  with  the  Thomson  Scientific  Club,  also  to 
draw  up  necessary  papers  for  presentation  to  the  Institute  a^an 
expression  of  opinion  of  the  Thomson  Scientific  Club  with  re- 
gard to  consolidation,  and  to  lay  the  report  before  the  Club 
before  submitting  it  to  the  Institutk.  The  Committee  has  not 
reported  yet  and  so  we  cannot  bring  this  matter  before  this 
meeting  of  the  Institute. 

I  will  say,  however,  that  the  sentiment  %i  the  Club  is  in  gen- 
eral agreement  with  the  views  expressed  in  your  paper. 

If  years  ago  the  Institute  had  offered  any  incfucement  for 
local  meetings  probably  most  of  the  local  organizations  would 
not  have  come  into  existence.  Now,  however,  where  there  are 
local  organizations  I  think  the  Institute  should  recognize  the 
existence  of  these  organizations  and  not  start  meetings  independ- 
ently, but  in  connection  with,  or  in  consolidation  with,  such 
organizations — as  here  in  Lvnn  with  the  Thomson  Scientitic 
Club. 

The  risk  that  the  number  of  papers  printed  in  the  Transac- 
tions would  increase  does  not  exist  at  all  since  anybody  who 
wants  to  comnuinicate  a  paper  to  the  Institute  does  this  anyway 
whether  he  is  able  to  go  to  the  meeting  or  not,  and  no  paper  read 
before  the  local  meeting  would  be  printed  in  the  Transactions 
which  has  not  passed  the  Editing  Committer  of  the  Institute  in 
the  regular  way.  Naturally  many  papers  read  before  the  local 
branches  will  not  be  communicated  for  printing  in  the  Transac- 
tions. At  least  in  local  organizations  like  that  in  Lynn  which 
does  a  considerable  work  of  an  educational  nature,  many  papers 
are  read  which  are  valuable  and  of  interest  to  the  hearers,  but  are 
not  intended  by  the  author  for  publication  in  the  Transactions. 
These  papers  would  neither  be  sent  in  to  the  Editing  Committee 
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nor  printed  in  the  Transactions  ;  and  papers  worth  printing  in 
the  Transactions  written  by  the  members  of  the  Institute  are 
I  hope  at  least,  even  now  not  withheld  from  the  Insth  ute  by 
the  absence  of  the  author,  so  that  I  cannot  see  how  the  size  of 
the  Transactions  could  possibly  be  increased  by  having  the  local 
meetings. 

It  will  hardly  be  necessary  (in  many  cases  not  even  practicable) 
to  have  the  local  meetings  simultaneous  with  the  New  York 
meeting.  A  communication  between  simultaneous  meetings  will 
be  generally  excluded  anyway  by  the  time  diiference.  For  in- 
stance when  the  Chicago  meeting  starts  a  discussion  the  New 
York  meeting  is  probably  ready  to  adjourn. 

Besides,  local  organizations  having  social  and  educational 
tendencies  will  frequently  have  more  meetings, — ^the  Lynn  or- 
ganization, for  instance,  has  during  the  season  two  meetings  per 
month.  These  meetings  may  continue  in  the  same  number  as 
the  local  meetings. 

Lynn,  Mass  ,  Oct.  17th,  1898. 


[from    MR.    F.    a.    bowman.] 

I  have  read  with  great  interest  your  paper  on  "  Monthly  Meet- 
ings" and  entirely  agree  with  you  as  to  the  importance  of  bring- 
ing the  work  of  the  Instifutk  more  forcibly  to  the  notice  of  the 
members  distant  from  Xew  York.  With  the  membership  cover- 
ing the  area  it  now  does,  a  comparatively  small  number  can  take 
personal  part  in  the  discussions  and  a  great  number  are  simply 
subscribers  to  a  technical  periodical.  A  reference  to  the  by  laws 
of  the  Canadian  Society  of  Civil  Engineers  will  show  a  complete 
scheme  for  the  formation  of  branches  and  the  discussion  oi  pa- 
pers at  different  centres.  One  branch  at  least  has  been  formed 
under  these  regulations.  If  some  scheme  of  this  kind  for  "sec- 
tions" or  "branches"  were  granted  I  think  it  would  materially 
add  to  the  number  and  variety  of  the  papers  offered.  Members 
would  take  a  more  personal  interest  in  the  Institute,  and  would 
write  papers  on  the  various  problems  they  would  have  to  meet 
and  overcome  in  their  work.  The  number  of  theoretical  papers 
would  not  be  less  and  the  number  of  practical  ones  considerably 
increased.  As  all  papers  would  have  to  pass  the  (-ouncil  before 
being  read,  only  those  of  real  value  would  come  before  the  In- 
stitute. If  I  understand  the  objects  of  the  society  aright  there  is 
room  in  the  Transactions  not  only  for  the  splendid  theoretical 
papers  which  do  appear  there,  but  also  for  papers  on  the  practical 
questions  encountered  by  electrical  engineers  every  day.  Why 
should  we  not  have  a  paper  from  IVIr.  Blank  on  the  plant  he  in- 
stalled in  such  a  mine,  the  diflieulties  he  met  with  and  the  means 
he  need  to  overcome  them,  with  a  few  figures  of  costs  Or  an- 
other member  has  erected  plants  all  over  the  country,  could  he 
not  give  us  a  short  paper  on  "  poles,"  what  woods  he  found  most 
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suitable  in  different  localities,  their  relative  life,  etc.  A  glance 
at  a  years  transactions  of  the  Institution  of  Civil  Engineers  shows 
that  they  contain  not  only  large  and  important  papers  by  leading 
engineers,  but  also  many  smaller  ones  describing  engineering 
works  or  giving  a  few  notes  on  some  material  used.  It  seems  to 
me  if  the  Institute  is  to  take  and  hold  the  foremost  position  in 
^he  electrical  world  that  it  is  entitled  to,  that  the  scope  of  its  pa- 
pers must  be  widened,  and  that  one  of  the  best  means  to  this  end 
18  to  increase  the  personal  interest  of  the  members  by  bringing 
the  papers  and  discussions  nearer  home  to  them  in  some  such  way 

as  has  been  suggested. 
New.Glasgow,  N.  8.,  October  24,  1898. 


[from   MR.    A.    E.    KENNELLY.] 

Many  thanks  for  your  letter  of  yesterday  and  for  the  paper  ac- 
companying it,  which  I  have  read  with  interest.  Here  is  a 
scheme  that  appears  feasible  to  me,  and  I  wonder  how  it  will  ap- 
pear to  you : 

When,  say  more  than  1 5  members  are  resident  in  any  citv,  an 
appointment  on  application  can  be  made  of  one  of  them  as  t^ocal 
Honorary  Secretary.      To  these  local  honorary  secretaries  the 
Institu IE  can  provide  advance  sheets  of  the  papers,  to  the  desired 
number,  this  cloEing  the  attitude  of  the  Institute  to  those  cities. 
If  the  meuibers  in  Cincinnati  say,  receiving  these  advance  sheets, 
like  to  meet  together  and  discuss  the  papers,  why  so  much  the 
better;  but  their  elections  to  the  chair,  their  actions  and  resolu- 
tions will  be  entirely  their  own  and  in  no  way  officially  connected 
with   the  Institdtk.     Written  discussions  upon  the  papers  for- 
warded  to   the  Secretary  of  the  Institute,  either   directly  or 
through  the  local  honorary  secretaries,  would  receive   the  atten- 
tion of  the  Editing  Committee,  but  they  would  be  received  aa 
emanations  from  the  members  and  not  from  the  local  union  awo- 
ciation,  gathering  or  chapter  which  they  might  form. 

This  plan  would  enable  distant  members  to  participate  in  the 
benefits  of  the  papers  and  meetings  of  the  Institute,  but  would 
prohibit  the  possibility  of  any  official  action  in  any  chapter  detri- 
mental to  the  interests  of  the  main  body  or  headquarters. 

Orange,  N.  J.,  Oc  ober  17,  1893. 
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Discussion. 

The  President  : — We  would  be  pleased  to  have  Dr.  Emery 
open  the  discussion. 

Dr.  Emery: — Mr.  Chairman,  in  a  previous  discussion  of  this 
subject  various  diflSculties  were  pointed  out,  one  of  the  most  im- 
portant of  which  was  that  referred  to  by  Prof.  Houston,  our  pres- 
ent President,  as  to  the  qualifications  of  members  of  the  local 
societies  who  would  naturally  wish  in  case  of  consolidation  to  be 
called  members  of  the  Institdtk.  Some  of  the  diflSculties  which 
have  been  referred  to  will  be  overcome  by  the  suggestion  in  the 
paper  that  the  out-of-town  meetings  will  simply  be  sections  of 
the  meetings  here  and  discuss  the  same  papers.  There  are,  how- 
ever, other  suggestions  in  the  paper  which  I  wish  to  criticise  for 
reasons  to  be  stated,  and  finally  oflFer  a  substitute  for  considera- 
tion The  paper  speaks  of  having  the  local  members  who  were 
not  members  of  the  Institute  known  simply  as  "  auditors."  It 
is  believed  that  after  a  little  consideration  it  will  be  seen  that  the 
local  societies  will  wish  some  recognition,  at  least  among  them- 
selves, of  an  entirely  different  charncter.  There  must  be  po- 
sitions for  the  leaders  of  the  local  ruling  classes  rewarded  by  the 
customary  evidences  of  local  respect  which  keeps  all  organiza- 
sions  alive.  To  accomplish  this  without  infringing  on  the  rights  of 
our  own  members,  it  is  in  my  opinion  necessary  to  encourage  rather 
than  discourage  the  formation  of  local  societies,  which  may  have 
to  a  certain  extent  their  own  aims  and  purposes,  social  and  pro- 
fessional, under  the  control  of  their  own  oflScers  and  yet  regu- 
larly hold  meetings  hs  chapters  of  the  iNsnTtnK  under  such  rules 
as  the  Institute  may  prescribe.  Without  taking  the  time  at  this 
late  hour  to  fully  state  all  the  considerations,  I  proceed  at  once 
to  read  a  draft  of  some  resolutions  I  wish  to  submit  for  reference 
in  the  proper  direction,  and  which  I  trust  will  aid  in  directing 
the  discussion  to  the  details  of  a  desirable  plan  instead  of  to  the 
more  general  considerations  of  advisability  on  one  hand  and  the 
difficulties  to  be  encountered  on  the  other  My  suggestions  are 
as  follows : 

Skeleton  of  Resolutions  Designed  to  Authorize  the  Formation 
of  Local  Chapters  of  the  American  Institute  of  Electrical 
Engineers. 

1.  The  Council  may  in  accordance  with  the  several  terms  of 
these  resolutions,  upon  proper  application,  grant  privileges  to 
form  local  chapters  of  the  Institute  to  hold  meetings  as  sections 
of  those  of  the  Institute,  and  to  read  and  discuss  papers  presented 
at  the  regular  meetings  of  the  Institute  held  in  the  city  of  New 
York. 

2.  A  local  society  is  to  be  formed  preliminarily  with  at  least 
25  members  with  a  name  distinctively  different  from  that  of 

the    Institute,  preferably  that  of  the Electrical  Society. 

Such  looal  society  shall  have  as  members   at  least  10  charter 
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members 'of  the  Institute,  and  such  society  shall  through  a 
committee  formed  of  a  majority  of  charter  members  of  the 
Institdtic  make  application  to  the  Council  of  the  American 
Institute  of  Electbical  Engineers,  for  proper  authority  to 
form  a  chapter  under  the  conditions  of  these  resolutions.  Socie- 
ties already  formed  with  a  name  and  membership  in  accordance 
with  the  above  requirements  may  also  make  application  the  same 
as  if  formed  for  the  purpose. 

3.  Before  making  the  application  the  local  society  is  to  or- 
ganize under  its  local  name  and  pass  a  constitution  and  by-laws 
providing  for  the  conditions  herein  required  and  which  are  in 
other  respects  to  be  satisfactory  to  the  Council  of  the  Institute, 

4.  The  fees  prescribed  for  such  organization  to  be  separated 
into  two  classes,  ia)  a  specified  amount  for  the  support  of  any 
local  work  of  said  organization,  which  is  to  be  jirosecuted  inde- 

f^endently  of  the  work  of  the  Institute  ;  (J)  a  specified  amount 
but  little  less  than  that  required  for  Institute  membership), 
which  is  to  be  transferred  after  the  chapter  is  formed  to  tne 
Treasury  of  the  Insiituie.  A  part  of  the  latter  to  be  applied 
to  the  publications  of  the  Transactions  of  the  Institute  ana  the 
remainder  returned  to  the  credit  of  the  local  treasurer  to  be 
used  under  the  direction  of  the  local  board  to  imy  the  expenses 
of  the  chai)ter  so  far  as  the  same  are  chargeable  on  Institute 
account.  The  local  f i^nd  to  be  drawn  upon  for  all  matters  not 
strictly  relating  to  the  work  of  the  Institute. 

5  The  membership  of  the  local  body  shall  consist  of  three 
classes.  (I)  Local  charter  members  of  tlie  American  Instttutb 
OF  Electrical  Engineers  who  shall  also  be  entered  as  membi  rsof 
the  local  society  and  j)ay  class  (a)  dues.  (2)  Associated  members 
of  the  local  society  or  those  who  pay  a  sufficient  sum  into  the 
local  fund  to  entitle  them  to  the  local  privileges  as  well  as  to  the 
Transactions  of  the  American  Institute  of  Electrical  Engi- 
neers and  the  right  to  participate  in  the  discussions.  (3)  Mem- 
bers of  the  local  society  wlio  shall  have  the  privilege  of  attend- 
ing its  meetings,  but  shall  have  no  right  to  participate  in  the  pub- 
lislied  discussions  of  the  Institute  papers  or  to  copies  of  such 
papers 

(5.  The  Council  of  the  Institute  after  inspection  of  the  pe- 
tition, the  constitution  and  by-laws,  the  list  of  members  and 
the  representations  of  the  committee,  may  in  their  discretion  is- 
sue authoriiy  to  such  committee  to  form  a  chapter  in  accordance 

with  the  terms  of  these  resolutions,  to  be  known  as  the 

Chapter  of  American  Institute  of  Elkct^ical  Enginef-ks.  The 
cha])ter  to  be  organized  with  a  local  president,  vice-president 
and  secretary,  all  of  which  shall  be  charter  members  of  the  In- 
8TIIUTE.  After  the  first  year  a  vice-president  of  the  society 
shall  be  elected  as  the  local  president. 

7.  The  local  officers  of  the  Insittute  thus  appointed  shall 
report  their  appointment  to  the  Council  and  thereafter  meetings 
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of  the  chapter  may  be  held  locally  under  the  direction  of  charter 
members  of  the  Institute  subject  to  the  direction  of  the  Council 
of  the  Institute  ;  the  papers  read  at  the  meeting  of  the  Institute 
may  be  read  by  proxy  in  the  local  chapter  and  discussed,  and  a 
report  of  the  aiscussions  sent  to  the  Secretary  to  be  embodied 
with  that  of  the  Institute  meetings  and  of  other  chapters.  When 
the  associated  members  of  the  local  society  take  part  in  the  dis- 
cussions they  shall  be  distinguished  in  the  printed  discussion  as 
members  of  the  loc;il  society. 

8.  The  Council  to  have  power  to  make  preliminary  rules  and 
regulations  necessary  to  carry  the  spirit  of  these  resolutions  into 
effect  and  to  submit  from  time  to  time  for  the  consideration  of 
the  Institute  such  further  resolutions  as  in  their  opinion  seem 
necessary. 

(Tcntlemen,  there  are  a  great  many  reasons  for  the  various  pro- 
visions I  have  made  which  I  cannot  state  at  so  late  an  hour.  I 
will  only  call  attention  to  the  fact  that  the  chapters  must  be  self- 
sustaining  and  cannot  be  a  burden  on  the  membership  at  large 
I  therefore  provide  that  the  local  dues  which  entitle  certain  of  the 
local  members  to  copies  of  the  proceedings  of  the  Institut  r  and 
the  right  to  join  in  the  discussions  must  be  nearly  as  large  as 
those  paid  by  Institute  members.  Tliis  should  have  the  eilect 
to  bring  the  treasury  balance  on  the  right  sicie.  It  is  believed 
also  that  it  will  have  the  further  effect  of  increasing  the  regular 
membership  of  the  Institute,  for  such  of  the  members  ot  the 
local  societies  as  are  (|ualified  to  become  members  of  the  Institute 
will  naturally  prefer  to  pay  a  little  higher  dues  than  to  be  simply 
*'as-ociated  meml>ers"  of  the  /^^cf// society  and  so  distinguished 
in  the  reports  of  the  discussions.  If  tliose  who  have  taken  the 
pains  to  examine  the  various  objections  that  liave  been  made  will 
also  examine  carefully  the  resolutions  1  now  propose,  I  think 
much  will  be  found  which  will  prove  of  value  in  arriving  at  a 
sohition  of  the  problems,  and  without  further  remarks  1  hand  my 
suggestions  to  the  Secretary. 

Mr.  Webb — I  should  like  to  make  two  or  three  remarks  be- 
fore we  close  and  to  introduce  a  resolution.  This  question  ap- 
pears to  be  approaching  the  condition  of  what  we  might  call  the 
*'  silver  bill  of  the  Institute.  It  has  been  discussed 
already  many  times  in  Council  meetings,  and  members 
of  the  Council  individually  have  thought  over  it  and 
considered  it.  It  has  been  brought  up  at  the  general  meetings 
and  also  at  a  special  meeting  in  Chicago,  and  on  that  occasion  I 
dare  say  you  remember  that  Mr.  Pr.  ece,  one  of  our  honorary 
members,  spoke  on  the  subject,  and  the  gist  of  his  remarks  was 
an  argument  for  centralization.  We  are  rather  apt  to  look 
abroad  for  precedents  in  settling  difficult  points  in  tlie  conduct 
of  our  scientific  societies,  because  the  societies  over  there  are 
much  older  than  most  of  ours.     But  the  conditions  in  this  coun- 
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try  are  entirely  different,  and  in  a  great  many  cases  we  cannot 
be  guided  by  n)reign  practice;  this  is  a  case  where  we  have  got 
to  meet  the  conditions  that  confront  ns,  without  any  regard  to 
precedents.  I  think  it  is  quite  natural  that  where  there  area 
number  of  members  of  the  Institute  in  a  city  which  is  so  far 
away  from  the  headquarters  that  they  cannot  attend  the  meetingi, 
that  they  should  desire  to  hold  meetings  themselves,  and  that  as 
they  are  members  of  the  Institute  they  should  want  to  hold 
those  meetings  in  the  name  of  the  Institute.  It  seems  to  me  a 
very  natural  desire,  and  at  the  same  time  it  is  equally  natural 
that  here,  in  the  calm  climate  of  headquarters,  we  should  see  a 
great  many  dangers  and  difficulties  in  the  way  of  those  meetings 
being  carried  on.  There  are  a  great  many  practical  difficulties 
that  occur  in  the  handling  of  such  meetings.  Dr.  Emery's  very 
carefully  thought  out  scheme  providing  for  chapters,  points  out 
one  of  the  dangers  right  away — that  we  may  have  so  many 
chapters  that  they  will  burst  our  binding.  We  may  have  so 
many  chapters  that  in  a  very  short  time  they  will  break  up  the 
Instituie,  and  that  is  just  the  risk  that  we  want  to  avoid  most 
scrupulously.  I  think  this  subject  is  one  that  requires  very 
thorough  consideration  and  very  deliberate  action  on  the  part  of 
the  Institute,  and  I  will  just  read  this  resolution  that  a  few  of 
us  who  take  great  interest  in  the  matter  have  drafted,  to  see  if  it 
meets  the  approval  of  the  members  present: 

Wherefis,  Re((uest8  and  su^gestioDS  have  been  received  from  mmnbers  in 
various  parts  of  the  country  looking  to  the  holding  of  local  meetings  for  the 
reading  and  discussion  of  papers ;  and 

WherejM,  It  is  the  sense  of  this  meeting  that  any  measures  proposed  with  a 
view  of  increasing  the  usefulness  of  the  Institute  to  its  distant  memben 
should  have  earnest  consideration  and  careful  action  ;  it  is  hereby 

Resolved,  That  the  President  be  requested  to  appoint  from  the  Council  a  com- 
mittee to  consider  the  subject  of  local  meetings,  such  committee  to  be  supplied 
with  copie-i  of  all  correspondence  and  papers  on  the  subject  in  the  files  of  the 
Secretary,  and  that  the  Council  report  as  early  as  possible  to  a  monthly  meet- 
ing of  the  Institdtr  :  first,  upon  the  expediency  of  local  meetings  :  and  sec- 
ond, if  they  deem  such  meetings  expedient,  to  recommend  a  suitable  pUm  for 
the  organization  of  local  meetings  and  for  their  proper  relation  to  the  general 
body. 

Mr.  Phklps  : — I  move  the  adoption  of  that  resolution.  And 
if  I  may  be  permitted  at  the  same  time,  move  that  the  very 
suggestive  paper  of  Dr.  Emery  be  referred  to  that  committee  for 
consideration. 

[The  motion  was  carried] 

The  President  : — Of  how  many  shall  it  consist? 

Mr.  Webb  — Tliat  is  left  to  the  discretion  of  the  chair. 

Mr.  Phelps  : — I  move  that  it  be  made  five. 

[The  motion  was  carried.] 

The  President  : — The  Chair  appoints  Mr.  "Webb,  Mr.  Phelpi^ 
Mr.  Hammer,  Mr.  Kennelly  and  Dr.  Pupin. 

["Adjourned.] 


A  Ledurt  givtn  at  Columbia  C^Ugf^  he/art  iht 
New  York  Eltetrical  Socitty  and  ike  Ameri- 
can Institute  e/  Eleetrieal  Engineers^  May 
tjtk,  iSfS:  read  by  titU  b^^fere  the  Institute^ 
September  aotk,  iSfyf. 


A  BRIEF  GLANCE  AT  ELECTEICITY  IN  MEDICINE.^ 


BY  DR.  W.  J.  MORTON. 


It  18,  I  confess,  witli  considerable  trepidation  tliat  I,  a  physician, 
tench  upon  electricity  before  an  audience  whose  life  work  this 
subject  is;  bnt  if  there  be  one  reason  more  than  another  why  I 
esteem  it  a  high  honor  and  a  privilege  to  address  the  members  of 
this  society  upon  the  subject  assigned  to  me,  that  of  electricity  in 
medicine,  it  is  that  I  look  upon  the  occasion  as  one  which  may 
serve  to  interest  electrical  engineers^-experts  in  electricity — in 
the  efforts  which  medical  men  are  making,  in  these  modern  days 
of  electrical  science,  to  ascertain  the  possibilities  of  electricity  to 
cure  disease.  Our  certainties  we  ever  have  with  us ;  they  are  a 
legacy  from  the  fathers  of  science ;  it  is  the  limitations  that  can 
be  set  to  our  knowledge  that  we  would  ascertain.  And  if  by 
chance  these  limitations,  like  the  horizon  of  an  otherwise  bound- 
less plain,  ever  keep  in  advance  of  our  pursuit,  we  have,  never- 
theless, left  behind  us  an  abiding  knowledge  of  the  new  ground 
we  have  traversed. 

In  one  sense  a  similar  problem  continually  confronts  the  mem- 
bers of  your  own  profession  ;  you  have  your  grand  dynamos  and 
the  laws  of  economical  distribution  of  power  and  light ;  you  have 
your  telegraph  system,  already  pretty  well  worked  out  to  its 
limits;  you  have  your  subtle  telephone  and  telautograph,  but  you 
have  also  a  thousand  and  one  problems,  whose  limitations  have  yet  to 
be  determined.  You  have  yet  to  run  a  train  one  hundred  miles  an 
hour ;  yet  to  distribute  power  and  light  on  a  Teslaic  system  without 
eondnctors ;  yet  to  make  a  practical  telephone  talk  out  loud ;  yet 

1.  By  the  action  of  Council  in  ordering  the  publication  of  this  paper,  the 
original  Editing  Committee,  G^rge  A.  Hamilton.  Chairman,  Franklin  L.  Pope 
and  Francis  B.  Crocker,  is  reliev^  of  all  responhibiUty  in  XYi^  xci^WAX . 
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try  are  entirely  different,  and  in  a  great  many  cases  we  cannot 
be  guided  by  K>rei^n  practice;  this  is  a  case  where  we  have  got 
to  meet  the  conditions  that  confront  ns,  without  any  regard  to 
precedents.  I  think  it  is  quite  natural  that  where  there  area 
number  of  members  of  the  Institute  in  a  city  which  is  so  far 
away  from  the  headquarters  that  they  cannot  attend  the  meetingi, 
that  they  should  desire  to  hold  meetings  themselves,  and  that  as 
they  are  members  of  the  Institute  they  should  want  to  hold 
those  meetings  in  the  name  of  the  Institute.  It  seems  to  me  a 
YQry  natural  desire,  and  at  the  same  time  it  is  equally  natural 
that  here,  in  the  calm  climate  of  headqaarters,  we  should  see  a 
great  many  dangers  and  difficulties  in  the  way  of  those  meetings 
being  carried  on.  There  are  a  great  many  practical  difficulties 
that  occur  in  the  handling  of  such  meetings.  Dr.  Emery's  very 
carefully  thought  out  scheme  providing  for  chapters,  points  out 
one  of  the  dangers  right  away — that  we  may  have  so  many 
chapters  that  they  will  burst  our  binding.  We  may  have  so 
many  chapters  that  in  a  yery  short  time  they  will  break  up  the 
Instituie,  and  that  is  just  the  risk  that  we  want  to  avoid  most 
scrupulously.  I  think  this  subject  is  one  that  requires  very 
thorough  consideration  and  very  deliberate  action  on  the  part  of 
the  Institute,  and  I  will  just  read  this  resolution  that  a  few  of 
us  who  take  great  interest  in  the  matter  have  drafted,  to  see  if  it 
meets  the  approval  of  the  members  present: 

Whereas,  Re((uc9ts  and  suggestions  have  been  received  from  members  in 
various  parts  of  the  country  looking  to  the  holding  of  local  meetings  for  the 
reading  and  discussion  of  papers ;  and 

WheretiA,  It  is  the  sense  of  this  meeting  that  any  measures  proposed  with  a 
view  of  increasing  the  usefulness  of  the  Institute  to  its  distant  memben 
should  have  earnest  consideration  and  careful  action  ;  it  is  hereby 

Bewlted,  That  the  President  be  requested  to  appoint  from  the  Council  a  com- 
mittee to  consider  the  subject  of  local  meetings,  such  committee  to  be  supplied 
with  copie-i  of  all  correspondence  and  papers  on  the  subject  in  the  files  of  the 
Secretary,  and  that  the  Council  report  as  early  as  possible  to  a  monthly  meet> 
ing  of  the  Institutr  :  tirst,  upon  tbe  expediency  of  local  meetings  :  and  sec- 
ond, if  they  deem  such  meetings  expedient,  to  recommend  a  suitable  plan  for 
the  organization  of  local  meetings  and  for  their  proper  relation  to  the  general 
body. 

Mr.  Phelps  : — I  move  the  adoption  of  that  resolution.  And 
if  I  may  be  permitted  at  the  same  time,  move  that  the  very 
suggestive  paper  of  Dr.  Emery  be  referred  to  that  committee  for 
consideration. 

[The  motion  was  carried] 

The  President  : — Of  how  many  shall  it  consist? 

Mr.  Webb  — Tliat  is  left  to  the  discretion  of  the  chair. 

Mr.  Phelps  : — I  move  that  it  be  made  five. 

[The  motion  was  carried.] 

The  President  : — The  Chair  appoints  Mr.  "Webb,  Mr.  Phelpi^ 
Mr.  Hammer,  Mr.  Kennelly  and  Dr.  Pupin. 

[Adjourned.] 


A  Ltctturt  given  at  Coimmhim  C^i4g*%  ht/ort  the 
New  Verk  ElectHcal  Society  and  the  Ameri- 
can Institute  ef  Electrical  Engineers^  May 
tjth,  1893 :  read  by  title  b^/ere  the  Institute^ 
September  aotk^  189^. 


A  BRIEF  GLANCE  AT  ELECTRICITY  IN  MEDICINEJ 


BY  DR.  W.  J.  MORTON. 


It  is,  I  confess,  with  considerable  trepidation  that  T,  a  physician, 
touch  upon  electricity  before  an  audience  whose  life  work  this 
subject  is ;  but  if  there  be  one  reason  more  than  another  why  I 
esteem  it  a  high  honor  and  a  privilege  to  address  the  members  of 
this  society  upon  the  subject  assigned  to  me,  that  of  electricity  in 
medicine,  it  is  that  I  look  upon  the  occasion  as  one  which  may 
serve  to  interest  electrical  engineers^-experts  in  electricity — in 
the  efforts  which  medical  men  are  making,  in  these  modern  days 
of  electrical  science,  to  ascertain  the  possibilities  of  electricity  to 
cure  disease.  Onr  certainties  we  ever  have  with  us;  they  are  a 
legacy  from  the  fathers  of  science ;  it  is  the  limitations  that  can 
be  set  to  our  knowledge  that  we  would  ascertain.  And  if  by 
chance  these  limitations,  like  the  horizon  of  an  otherwise  bound- 
less plain,  ever  keep  in  advance  of  our  pursuit,  we  have,  never- 
theless, left  behind  us  an  abiding  knowledge  of  the  new  ground 
we  have  traversed. 

In  one  sense  a  similar  problem  continually  confronts  the  mem- 
bers of  your  own  profession  ;  you  have  your  grand  dynamos  and 
the  laws  of  economical  distribution  of  power  and  light ;  you  have 
your  telegraph  system,  already  pretty  well  worked  out  to  its 
limits;  you  have  your  subtle  telephone  and  telautograph,  but  you 
have  also  a  thousand  and  one  problems,  whose  limitations  have  yet  to 
be  determined.  You  have  yet  to  run  a  train  one  hundred  miles  an 
hour ;  yet  to  distribute  power  and  light  on  a  Teslaic  system  without 
conductors;  yet  to  make  a  practical  telephone  talk  out  loud ;  yet 

1.  By  the  action  of  Council  in  ordering  the  publication  of  this  paper,  the 
orifj^nai  Ekiiting  Committee,  George  A.  Hamilton,  Chairman,  Franklin  L.  Pope 
and  Francis  B.  Crocker,  is  reliev^  of  all  respouhibiUty  \iiXYi^TSi«X\At. 
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to  communicate  thought  by  electro-magnetic  waves  alone,  and  yet 
to  tell  U8  what  electricity  is.  You  have  yet  to  ascertain  what  yon 
can  do  by  electricity  and  what  you  can  not  do. 

But,  your  pursuit  of  truth,  evasive  as  this  ever  is  to  all,  is  npon 
far  easier  lines  than  is  ours  as  physicians,  and  therefore  we  ask 
your  forbearance  and  your  aid. 

You  deal  with  science — with  electricity — ^applied  to  inanimate 
things.  While  the  general  laws  of  this  science  are  open  to  all  of 
us  equally,  you  apply  your  laws  to  masses  of  metal,  to  wires,  to 
carbon  and  to  inorganic  chemicals ;  you  express  your  applications 
or  your  theories  in  unerring  mathematical  formulae  or  in  grapliic 
representation  ;  the  work  you  claim  to  have  accomplished  may  be 
verified  by  your  peers,  by  aid  of  cunningly  devised  instruments 
of  precision. 

Not  such  is  the  position  of  the  physician.  While  if  higlily 
gifted  and  accomplished,  he  may  possess  your  knowledge  of  the 
physics  of  electricity,  in  his  applications  of  his  knowledge  he  is 
confronted  with  a  problem  the  most  perplexing  that  has  ever 
been  presented  to  the  attention  of  mankind,  and  that  is  the  prob- 
lem of  the  laws  which  govern  life  in  animate  objects — the  problem 
of  biology.  Perversion  of  these  laws  constitutes  disease,  and  the 
physicians  query  is,  can  electricity  avert  and  correct  this  perver- 
sion? 

Electro-physics  is  indispensable  to  electro-therapeutics.  The 
representative  of  the  former  is  the  electrical  engineer,  as  is  the 
physician  the  representative  of  the  latter.  What  greater  glory 
to  the  engineer  than  to  turn  at  times  from  commercial  and  in- 
dustrial labors,  and  direct  the  li»rht  of  his  knowledge  in  upon  the 
highways  and  the  byways  where  dwell  the  sufferings  and  sorrows 
of  humanity. 

Section  I. 

Electricity  presents  itself  to  physicians  for  medical  use  in  three 
conventional  modalities,  termed  respectively :  galvanism,  fara- 
dism  and  franklinisin.  The  electrical  engineer  knows  no  such 
terms ;  to  him  electricity  differs  mainly  in  volts  and  amperes. 
And,  practically,  we  also  work  upon  the  same  lines.  But  time- 
honored  uses  and  convenience  justify  us,  I  think,  in  retaining  for 
the  present  our  crude  classification,  since  our  apparatus  consists 
almost  entirely  of  voltaic  cells,  volta  induction  coils  and  electro- 
static machines. 


1893.  MORTON  ON  ELECTRICITY  IN  MEDICINE.  557 

From  the  galvanic  battery  we  obtain  a  high  current  strength 
and  low  voltage ;  the  current  is  continuous  or  constant,  though 
often  used  also  as  an  interrupted  current.     Its  effects  upon  the 
human  tissue  are  mainly  electrolytic  and  cataphoric — the  tissue  is 
affected  chemically  and  physically,  just  as  inert  matter  would  be, 
and,  in  addition,  is  affected  physiologically ;  tiie  thousandth  part 
of   an  ampere,  viz.,  a   milliampere,  is   the   practical  unit,  and 
therapeutic  dosage  is  expressed  in  terms  of  n  milliamperes,  pas- 
sing for  n^  minutes.     Current  strength  is  measured  by  a  milli- 
ampere meter.     Administrations  are  percutaneous,  and  through 
the  mucus  membrane,  or  by  needle   puncture.      In  tlie  former 
case,  the  resistance  offered  by  the  skin  is  high — varying  from  one 
thousand  to  forty  thousand  ohms — ^and  we  require  from  forty  to 
sixty  high  voltage  cells  to  overcome  it.     Two  important  features 
come  into  play,  one  current  density,  which  is  a  question  of  the 
fiize  of  the  electrode,  and   the  other  the  practical  fact  that  the 
degree  of  pain  excited  in  the  nerves  of  the  skin  with  accompany- 
ing injury   to  the  skin  erects  the  real  barrier  to  increasing  the 
current  strength.     Ten  milliamperes  to  a  square  inch  of  skin  is 
about  the  limit  of  endurance,  and  from  ten  to  twenty  to  two 
square  inches  an  aver.ige  percutaneous  current.     Current  density 
is  as  essential  an  element  of  expressing  the  dosage  as  is  the  read- 
ing of  the  needle,  and  the  supeiiicial  area  of  the  electrodes  should 
always  be  given. 

From  a  faradic  apparatus  or  induction  coil,  we  obtain  a  current 
of  much  greater  electromotive  force,  but  of  decreased  current 
strength.  Tiie  salient  feature  of  this  current  is  that  it  is  an  in- 
terrupted current;  from  the  primary  winding  of  the  coil  is 
obtained  a  pulsating  current — its  flow  is  always  in  one  direction, 
thus  resembling  an  interrupted  galvanic  current,  plus  the  current 
of  its  self-induction,  and  that  of  the  magnetic  induction  of  the 
iron  core.  From  the  secondary  winding  is  obtained  an  alterna- 
ting current,  whose  electromotive  force  may  be  very  high.  An 
instrument  to  measure  this  current  is  greatly  to  be  desired. 

According  to  Harries  and  Lawrence  an  ordinary  medical  in- 
duction coil  with  seven  volts  e.  m.  f.  supplied  to  its  primary  and 
a  current  strength  of  500  m.  a.,  gives  in  its  secondary  a  voltage 
of  about  216  and  only  12  m.  a. 

From  a  franklinic  apparatus  or  electrostatic  machine,  we  obtain 
a  current  of  enormous  voltage  and  very  low  current  strength. 
The  physical  and  physiological  effects  are  largely  due  to  electro- 
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motive  force  and  instantaneousnees  of  current  flow  rather  than 
to  current  strength. 

There  is  still  another  form  of  electric  manifestation  of  energy, 
which  is  a  newcomer  to  electro-therapeutics,  in  fact,  in  its  present 
guise  a  newcomer  to  electrical  science — I  refer  to  high  frequency, 
high  potential  currents. 

They  fall  out  of  line  of  our  medical  classification,  for  they  are 
neither  faradic  nor  franklinic  alone — their  production  reqnireB 
KuhmkorS  coils  or  alternating  current  dynamos,  condensers  and 
transformers ;  they  far  transcend  our  volta  induction  coil  iiroducts 
in  frequency  of  interruption  and  electromotive  force,  and  our 
franklinic  machines  in  current  strength. 

The  fame  of  the  high  frequency,  high  potential  current  is 
already  invading  the  quiet  domain  of  electro-therapeutics,  and  it 
is  to  that  branch  of  our  subject  that  I  shall  ask  some  attention  to- 
night. 

From  the  great  initial  difference  in  voltage,  amperage,  and 
absence  or  presence  of  interruptions  of  the  three  forms  of  current 
in  medical  use  arises  a  corresponding  difference  in  their  physical 
and  physiological  effects  upon  the  human  organism,  and  from  a 
study  of  these  differences  the  physician  must  decide  upon  which 
form  of  current  to  use  in  given  cases. 

To  galvanism  and  faradism  we  will  give  but  prefatory  atten- 
tion ;  but  to  franklinism  fuller  consideration,  since  its  study  is 
inextricably  entwined  with  high  frequency,  high  potential  cur- 
rents— in  short,  it  is  itself  of  this  nature,  and  as  such  invites  a 
vivid  interest,  for  we  have  as  yet  no  other  apparatus  for  obtaining 
these  currents  in  medicine. 

Section  II. 

In  confronting  our  subject  of  electricity  in  medicine,  it  is  nec- 
essary to  establish  some  data,  and  this  we  may  do  most  briefly. 
We  have  to  consider: 

(a)  The  nature  of  the  agency,  electricity,  we  wish  to  apply. 

(J)  The  nature  of  the  gross  substance,  the  human  body,  to 
which  we  wish  to  apply  electricity,  and  the  reactions  of  electricity 
upon  it. 

We  are  then  in  a  position  to  examine  the  principles,  the  in- 
struments and  the  methods  of  application,  viz.,  the  science  and 
the  art  of  electro-therapeutics,  or,  at  least,  that  small  part  of  it 
which  may  be  examined  in  the  brief  time  before  us. 
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Ele^strieity. — Electricity  to-day  is  believed  to  be  a  vibratory  or 
wave  motion  of  the  ether,  that  continuous,  imponderable,  and 
incompressible  fluid  that  fills  all  space.  By  a  state  of  motion 
either  in  it  or  of  it,  the  ether  conveys  liglit  and  manifests  the 
phenomena  termed  electric  and  magnetic.  In  this  sense,  that 
they  are  motions  of  the  ether,  light  and  electricity  are  identical 
— both  are  ethereal  vibrations — both  travel  at  tlie  same  rate  of 
speed,  and  both  have  measurable  wave  lengths — both  may  be 
refracted  and  reflected  by  impact  upon  prisms  and  mirrors,  and 
both  are  subject  to  wave  interference.  In  submitting  the  human 
body  to  electricity,  therefore,  we  are  submitting  it  to  a  physical 
force,  to  a  rate  of  motion  of  the  ether — not  to  an  entity  or  indi- 
vidual chemical  element,  like  iron,  arsenic,  quinine  (»r  other 
medicine.  We  treat  disease  by  ether  vibrations.  There  is  but 
one  organ  of  the  body  capable  of  responding  specially  to  ether 
vibrations,  and  this  is  the  eye,  jiiPt  as  the  ear  responds  to  air 
vibrations.  The  rest  of  the  human  body  is  affected  by  the  elec- 
tric ether  vibrations  just  as  is  other  gro*s  matter  of  the  fame  sort. 
That  it  is  a  form  of  energy  tliat  we  apply  to  human  beings  may 
be  illustrated  by  a  crude  parallel.  Supposing  one  has  given  a 
quick  snap  by  the  hand  to  a  rope  attached  to  the  ceiling  of  a 
room  and  imparted  to  the  rope  a  wave  motion  easily  visible ;  we 
have  the  exciting  power,  the  hand,  the  electromotive  force;  we 
have  the  wave  propagation,  the  rope,  the  current ;  and  we  have 
the  energy  of  the  imparted  motion  now  exerted  upon  the  ceiling, 
or,  if  attached  to  proper  mechanism,  capable  of  doing  mechanical, 
chemical  or  other  work.  This  is  the  sort  of  work  that  is  done  in 
the  human  body. 

The  importance  of  taking  this  fundamental  view  of  the  effect 
CHused  by  ether  vibrations  is  obvious,  especially  in  connection 
with  high  potential,  high  frequency  currents ;  but,  to  more  im 
mediately  bring  the  general  subject  down  to  a  working  basis,  we 
may  start  from  a  different  standpoint,  that  of  : 

The  Properties  of  Currents. — In  using  electricity  to  cure  disease, 
the  physician  may  be  sai*!  to  resemble  a  huntsman,  who  has  a 
certain  number  of  arrows  in  his  quiver,  each  adapted  to  different 
purposes.  He  selects  an  arrow — a  property  of  the  current — some 
special  thing  it  will  do,  and  projects  it  against  a  disease  or  morbid 
condition.  At  least,  this  is  what  he  should  do,  but  it  is  un- 
fortunately a  fact  that  physicians  are  wofully  ignorant  about 
what  electricity  will  do  upon  inanimate  matter,  and  more  so 
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upon  what  it  will  do  upon  animate.  The  general  impression 
Beems  to  be  that  electricity  is  to  be  injected  into  a  human  being 
by  a  small  sponge  electrode,  much  as  one  would  inject  a  medicated 
fluid  in  through  the  skin  by  a  hypodermic  needle,  and  that  the 
electricity  was  then  to  run  about  the  system,  hunt  up  the  diseased 
spot,  make  a  diagnosis,  and  chase  out  the  disease,  much  as  a  ferret 
might  run  a  rat  oat  of  a  hole.  I  am  not  sure  that  this  is  not  the 
idea  of  the  electrial  engineer. 

The  properties  of  the  current  useful  in  diseases  are : 

fl.  Heat. 

2.  Light. 

3.  Magnetism. 

4.  Induction  (electro-magnetic). 

5.  Chemical,  or  electrolytic. 

6.  Cataphoric. 


A,  Physical. 


1.  Contraction  of  protoplasm. 
B.  Physiological.  \  2.  Excitation  of  nerve  and  muscle. 

3.  Electrotonus. 

1.  Heat  may  be  employed  indirectly  to  heat  small  metallic 
loops,  with  which  surgical  operations  may  be  performed.  This  is 
known  as  gaivano-cautery. 

The  actual  heat  produced  in  the  body  by  its  resistance  to  cur- 
rents of  the  current  strength  commonly  in  use  is  inappreci- 
able. 

The  franklinic  current  modifies  bodily  temperature,  according 
to  my  experiments,  in  a  marked  degree,  probably  by  its  action 
upon  thermic  nerve  centres. 

High  frequency,  high  potential  currents  raise  the  temperature 
of  the  body. 

2.  Light  may  also  be  used  indirectly  in  incandescent  lamps  to 
illuminate  the  cavities  of  the  body — to  transillumine  the  tissues, 
and  thus  detect  foreign  bodies,  or  dead  tissue ;  it  has  also  been 
successfully  used  to  cure  neuralgia.  The  intense  light  of  electric 
welding  processes  produces  cflEects  upon  the  skin  which  have  been 
compared  to  those  which  are  induced  under  the  scorching  of  a  torrid 
sun.  The  effect  is,  however,  more  far  reaching  than  this  explana- 
tion aduiitsof,  for  those  subjected  to  this  intense  light  suffer  from 
discharges  from  the  nose  and  eyes,  and  from  a  dry  cough,  as  well 
as  from  skin  symptoms. 
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3.  The  magnetic  property  of  currents  is  also  indirectly  made 
use  of  to  actuate  mechanism,  like  surgical  drills  and  saws,  and  to 
cause  mechanical  vibration,  transferred  to  tissue. 

Magnetism,  itself,  whether  from  permanent  magnets,  the  most 
powerful  of  electro-magnets,  or  from  solenoids,  seems  to  have 
little  or  no  important  effect  upon  human  tissue.  The  wonder  is 
that  it  has  ever  been  expected  to  have  such  a  great  effect,  since 
no  one  would  select  the  ingredients  of  a  human  body  as  suitable 
ones  to  collect  the  electro-magnetic  lines  of  force.  1  do  not, 
however,  accept  as  final,  the  experiments  of  Kennelly  and  Peter- 
son, for  the  reason  that  closed  conductive  circuits  were  not  pro- 
vided for  in  their  experiments,  and  that  alterations  in  the  excre- 
tion of  carbonic  acid  and  urea  were  not  looked  for. 

4.  Indnction  effects,  due  to  the  passage  of  currents  throuchthe 
body  have  received  little  attention.  It  must  be  supposed  that 
there  are  a  very  great  number  of  closed  inductive  circuits. 

5.  Chemical  or  electrolytic.  This  is  one  of  the  most  important 
properties  of  the  current,  and  in  connection  with  it,  a  passing 
glance  must  be  given  to  the  nature  of  the  electrolyte.  The 
human  body,  for  practical  purposes  of  the  administration  of  elec- 
tricity, may  be  considered  as  a  semi-fiuid  mass,  whose  conducting 
power  is  due  to  its  salts,  held  in  solution.  As  a  conductor  of 
electricity,  it  is,  practically,  about  a  two  per  cent,  solution  of  com- 
mon salt.  It  is  at  once  evident  how  important  a  part  electrolysis, 
or  chemical  decomposition,  and  cataphoresie,  or  electric  transfer 
of  fluids  must  play  in  this  human  electrolyte. 

Representing  by  1  the  conductivity  of  muscle,  it  is  ordinarily 
stated  that  the  resistance  to  the  current  is  as  follows : 

Muscle 1. 

Nerve 2.5 

Cartilage  2.5 

Bone 6. 

Skin  deprived  of  epidermis 100.    to  500. 

Starting  upon  the  fact  that  tissues  behave  as  conductors  like  a 
solution  of  the  salts  they  contain,  I  should  prefer  to  arrange^a 
table  of  the  important  tissues,  as  follows : 

Blood 1.7  ^. 

Muscle 1.5  '^ 

Brain  and  nerve  tissue 1.     " 

Cerebro-spinal  fluid 1.     " 

the  resistance  increasing  as  we  read  downward. 
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Obviously,  by  the  law  of  derived  currents,  each  component  of 
the  mass  will  receive  its  ratio  of  current,  some  more,  some  leas, 
according  to  their  conducting  power,  but  none  escape,  and  there 
is  therefore,  by  the  way,  no  evidence  as  has  been  recently  claimed 
by  a  French  observer,  that  electricity  cannot  reach  the  brain  or 
spinal  cord,  because  its  flow  would  be  completely  diverted  by  the 
blood  and  the  muscles.  No  one  tissue  of  tlie  composite  mass  will 
take  all  the  current. 

The  simplicity  of  my  comparison  of   the  conducting  capacity 
of  the  tissue  to  a  two  per  cent,  solution  of  the  chloride  of  sodiam 
requires  some  modification.     Oar  electrolyte  is  not  homogeneous 
like  sucli  a  solution,  but  it  is  composed  of  millions  of  cells  ^ith 
membranous  enveloping  material,  and  of  varying  physical  com- 
position.    We  must,  therefore,  take  into  account  the  distribution 
of  ions  to  secondary  electrodes  within  the  mass,  constituting  in- 
ternal polarization  and  active  chemical  decomposition  within  the 
mass  itself,  as  well  as  at  the  two  principal  electrodes.    The  salient 
and  interesting  feature  I  wish  to  bring  out  is,  that  the  action  upon 
tissue  is  electrolytic,  that  this  electrolysis  takes  place  in  the  intra- 
polar  region  as  well  as  at  the  ministering  poles,  and  that  the 
electrolysis  is  at  the  expense  of  the  inorganic  salts  of  the  tissues. 
Now  these  salts  constitute  but  from  one  to  two  per  cent,  of  every 
tissue,  and  yet  they  are  absolutely  essential  to  the  health  and  the 
life  of  the  tissue.     And  we  may,  hence,  see  how  it  is  that  a  com- 
paratively small  current  strength,  even  of  a  few  milliauiperes, 
conducted  electrolytically   by  the  solutions  of  inorganic  salts,  de- 
composing and  diminishing  them  in  amount,  produces  the  pro- 
found eflEects  seen  in  electro-therapeutics,  for  the  function  of  the 
tissues  depends  upon   its  physical  integrity,  and  it  is  its  physical 
integrity  which  suffers  by  the  passage  of  the  current.    In  further 
proof  of  the  reality  of  electrolysis,  human  tissue  may  be  charged 
like  an  accumulator  or  secondary  battery.   Larat  has  demonstrated 
that  when  a  charging  current  of  about  25  milliamperes  is  applied 
by  two  electrodes  to  the  arm,  for  instance,  for  some  minutes,  the 
charging  battery  may  l)e  removed,  and  a  current  in  the  opposite 
direction  be  detected  of  from  ^  to  1  volt. 

Experiments  upon  animals  demonstrate  the  profound  struc- 
tural changes  set  up  in  tissue  by  the  passage  of  the  current. 

G.  Weiss,  taking  a  healthy  frog,  submitted  one  leg  to  a  few 
milliamperes  of  current  for  several  minutes,  and  placed  the  frog 
back  in  the  aquarium.     At  the  end  of  a  week  the  frog's  legs 
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were  tested  to  determine  their  muscular  excitability.  The  leg 
not  submitted  to  the  current  gave  contractions  from  ten  to  twenty 
times  greater  than  the  other.  Again,  having  submitted  the  legs 
of  a  living  frog  to  electrolysis,  he  killed  the  animal  a  month 
later,  and  discovered  under  the  microscope  that  the  muscles  were 
completely  altered.  He  says  that  recent  experiments  have  shown 
him  that  a  single  application  for  five  minutes  of  a  current  of  two 
milliamperes  suffices  in  the  case  of  frogs  to  produce  alterations 
visible  by  the  microscope  several  days  afterwards. 

We  may  make  a  distinction  between  intrapolar  electrolysis, 
as  thus  far  described,  and  polar  electrolysis.  The  former  is 
medical,  the  latter  is  surgical.  The  former  does  not  disrupt  and 
destroy  tissue,  the  latter  tears  tissue  asunder  and  destroys  it  with 
acids  and  alkalies ;  it  is  an  action  directly  at  the  electrode,  which  is 
commonly  a  metallic  needle  or  needles,  and  its  purpose  is  to  destroy 
tumors  and  other  diseased  growths.  In  this  surgical  destructive 
procedure,  termed  often  ''  electrolysis,"  or  galvano-caustics,  each 
pole  forms  a  little  chemical  laboratory  by  itself,  whei-e  the 
human  tissue  itself  provides  the  chemicals  for  its  own  destruc- 
tion. At  the  positive  pole  collect  oxygen,  and  chlorine;  at  the 
negative,  sodium,  and  potassium  hydrate  and  hydrogen.  Nascent 
oxygen  directly  oxidizes  tissue,  chlorine  attacks  the  II2  O  of  tissue, 
takes  the  H^  and  leaves  again  nascent  oxygen  to  oxidize  them. 
Muscle  tissue  electrolysed  gives  sulphuric,  hydrochloric,  nitric 
and  phosphoric  acids  at  the  positive  pole,  and  sodium,  potassium 
and  ammonium  at  the  negative  pole. 

Metallic  electrolysis.  Some  recent  advances  in  the  application 
of  electrolysis  to  medical  practice  are  of  great  value  and  deserve 
to  be  better  known.  One  of  these  I  now  have  in  mind  may  be 
termed  metallic  electrolysis  of  soluble  metals.  Long  familiar  as 
a  feature  to  be  avoided,  or  mentioned  by  authors  in  a  desultory 
way,  Gautier,  of  Paris,  has  seized  upon  this  idea  to  erect  upon  it 
most  successfully  a  method,  the  rationale  of  which  is  quickly  ap- 
preciated. 

An  iron  needle  connected  to  the  positive  pole,  plunged  into 
human  tissue,  is  quickly  attacked  by  the  oxygen  and  chlorine  set 
free  at  this  pole — is  converted  into  oxychloride  of  iron,  a  double 
salt,  and  is  soon  completely  destroyed.  The  same  is  true  of  any 
metal  attacked  by  oxygen  or  chlorine.  A  copper  needle  or  bulb 
or  other  conveniently-shaped  electrode  penetrating  tissue  or  laid 
against  mucus  membrane,  especially  within  the  cavities  of  the 
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body,  is  converted  into  oxychloride  of  copper,  zinc  into  oxychlor- 
ide  of  zinc,  and  so  on.    Gautier  terms  these  electrodes  ^^  soluble/' 
in  contradistinction  to  electrodes  of  gold  and  platinum,  frequently 
employed  to  avoid  these  very  effects.   The  benefits  of  this  metLod 
promise  to  be  far-reaching  when  fully  introduced  into  practice. 
In  gyuflBcological  work  the  positive  copper  sound  introduced 
within  the  uterine  canal  affords  not  alone  the  intrinsic  advantage 
of  the  current,  but  also  the  further  benefit  due  to  an  antiseptic 
salt  whose  permeation  into  the  tissue  sets  up  most  active  alterna- 
tions in  the  nutrition  of  the  mass.     Usually,  a  solution  of  such 
metallic  salt  is  painted  or  sprayed  upon  the  mucus  membrane, 
but  by  Gautier's  method  it  is  first  topically  applied,  and  is  then 
driven  inwards  by  the  principle  of  cataphoresis — for,  by  happy 
chance,  the  decomposition  of  the  metal  and  its  propulsion  inward 
are  vested  in  the  same  pole,  the  positive.     The  same  reasoning 
holds  good  in  nasal  catarrh  or  rhinitis  atrophica  and  hypertrophica 
and  ozoena.     A  copper  bulb  swept  over  the  nasal,  throat  and 
mucus  membranes  deposits  and  drives  in  the  copper  salts.    The 
results  of  this  treatment,  in  my  hands,  at  least,  far  surpass  the 
most  sanguine  claim  of  any  other  treatment.     By  this  means, 
also,  gonorrhoea  may  be  promptly  cured,  unhealthy  ulcerations 
and  discharging  cavities  may  be  antisepticized  and  healed,  tumors 
be  dispersed  or  caused  to  disappear,  and  the  granular  eyelids  of 
conjunctivitis  to  assume  a  healthy  state.     The  method  has  before 
it  a  brilliant  future. 

And,  finally,  we  cannot  close  our  leaflet  upon  electrolysis  with- 
out a  word  in  regard  to  one  of  the  greatest  extensions  of  elec- 
tricity into  the  domain  of  medicine,  that  of  the  treatment  of 
diseases  peculiar  to  women,  by  the  methods  devised  and  advo- 
cated by  Apostoli,  of  Paris.  The  labors  of  Apostoli  have  worked 
a  revolution  in  gynsecological  practice.  By  means  of  a  dispers- 
ing pad  electrode,  whose  current  density  is  large,  applied  ex- 
ternally on  the  skin,  and  a  small  metallic  electrode,  whose  current 
density  is  small,  applied  internally,  Apostoli  has  been  able : 

{a)  To  apply  currents  of  great  current  strength  internally,  viz.. 
50  to  500  milliamperes. 

(5)  To  obtain  internally  the  special  action  of  either  pole,  the 
positive  to  control  hemorrhage  and  to  dry  tissue ;  the  negative 
to  liquefy,  soften  and  increase  blood  in  tissue. 

((?)  To  obtain  a  marked  intrapolar  effect  (electrolytic,  cata- 
phoric and  vascular)  upon  fibroid  tumors,  exudations  and  morbid 
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These  and  other  effects  indissolably  associated  with  Apostoli's 
name  have  done  more  than  any  otiier  modem  work  to  place  elec- 
tro-therapeutics upon  a  sound  basis. 

I  feel  that  1  have  scarcely  touched  upon  the  role  of  electrolysis 
in  medicine ;  its  proper  elucidation  would  require  a  volume. 

Catapharesia, — Next  to  electrolysis,  cataphoresis  is  undoubt- 
edly the  most  important  property  of  the  galvanic  or  continuous 
current.  By  cataphoresis  is  meant  the  flow  of  a  liquid  with  the 
current  from  the  positive  toward  the  negative  pole.  Physically, 
cataphoresis  is  demonstrable  by  m^ny  simple  experiments.  If  a 
fluid  is  put  in  a  U'^^^P^d  tube  and  electrodes  enter  the  fluid  in 
each  arm,  the  fluid  rises  on  the  negative  side.  If  a  porous  dia- 
phragm is  inserted  in  the  tube,  the  fluid  which  is  driven  to  the 
negative  end  cannot  again  descend  by  gravity,  and  soon  gathers 
in  large  quantity  in  the  negative  compartment.  If  the  fluids  on 
either  side  of  the  diaphragm  differ  in  saline  density,  then  by  the 
laws  of  chemical  osmosis  there  is  a  flow  from  the  less  dense  to 
the  more  dense  compartment.  In  this  instance,  if  a  current  is  in 
the  same  direction  as  the  osmotic  flow,  the  latter  will  be  greatly 
accelerated;  if  in  the  reverse  direction,  it  will  be  retarded.  Cata* 
phoresis  does  not  readily  take  place  if  the  resistance  of  the  liquid 
is  too  small  or  too  ^reat.  Human  tissue  is  well  adapted  to  cata- 
phoric action.  Fluids  flow  to  the  negative  pole  and  remain  there, 
owin<;  to  the  meml)ranous  character  of  the  meshes  of  tissues 
which  enclose  them,  and  which  resemble  in  this  respect  the 
porous  diaphragm.  Like  electrolysis,  cataphoresis  is  inseparable 
from  evory  application  of  the  continuous  current.  In  inflamma- 
tory exudations  of  all  kinds,  in  rheumatic  thickenings  of  tissue, 
in  tumors  like  fibroids  of  the  uterus  and  others,  the  fluid  in  the 
mass  is  increased  by  the  negative  pole,  thus  creating  a  physical 
change,  while  by  electrolytic  decomposition  the  same  diseased 
tissue  is  impoverished  in  the  salts  so  essential  to  its  vitality. 

GdtapJioric  Medication, — The  cataphoric  property  of  the  cur- 
rent renders  available,  also,  a  very  interesting  practice  of  intro- 
ducing medicines  into  the  human  body  and  blood  stream  through 
the  skin  or  mucus  membrane.  The  process  is  termed  cataphoric 
medication.  In  this  manner  iron,  mercury,  quinine,  morphia, 
cocaine  and  a  further  great  variety  of  uiedicines  may  be  caused 
to  affect  the  patient  without  entering  the  stomach.  The  practice 
is  of  great  value  to  produce  local  anaesthesia  by  cocaine,  and  also 
in  many  cases,  as  in  skin  diseases,  where  a  potent  local  effect  of  a 
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medicine  is  desired.  There  is  no  good  reason  why  the  "  medi- 
cated bath  "  should  be  an  adjunct  of  quackery.  If  the  medicated 
water  of  the  bath  is  made  the  positive  electrode,  a  patient  in  this 
bath,  with  hands  and  arms  out  of  it,  and  in  connection  with  the 
negative  electrode,  will  receive,  by  cataphoresis  through  his  skin, 
a  large  amount  of  almost  any  desired  medicine,  and  this,  too,  in 
purest  and  most  active  state  of  the  medicine. 

The  reserve  statement  is  interesting,  and  that  is,  that  by  cata- 
phoric demedication,  medicines  like,  for  instance,   arsenic  and 
mercury,  may  be  removed  from  the  patient,  and  be  visibly  de- 
posited upon  the  negative  electrode,  according  to  the  usual  rales 
of  electroplating.    In  passing,  we  may  for  a  moment  indulge  our 
imagination  in  a  future  practice  in  cataphoric  medication  or  con- 
veyance of,  say,  metallic  substances  into  the  body,  which  might 
constitute  a  new  method  of  preservation  of  the  bodies  of  the  dead. 
Electrically  permeated  throughout  its  mass  by  an  unoxidizable 
metal  or  metallic  salt,  the  body  would  remain  most  lifelike,  as 
well  as  practically  imperishable.     We  may  thus  electrically,  in 
truth,  transform  Croesus  into  his  own  gold — a  eort  of  electrical 
petrification. 

Electrolysis  and  cataphoresis  are  therefore  prime  physical  fac- 
tors in  electro-therapeutics. 

It  is  evident  that  we  cannot  alter  the  physical  substratum  of  a 
living  organism  without  in  equal  ratio  allowing  its  function. 
Modern  physiology,  or  the  laws  of  vital  function,  concedes  that 
vital  phenomena  are  chemical  changes  subject  to  the  conditions 
of  similar  changes  in  the  chemist's  laboratory. 

To  pursue  this  part  of  our  subject  further  would  be  to  enter 
upon  the  vast  domain  of  electro-physiology,  and  this  time  forbids. 
I  can  only  point  out  the  general  pathway  of  the 

Physiological  Properties  of  the  Curri'NT. 

Muscular  Contraction, — The  gross  physiological  phenomena 
with  which  we  are  familiar  is  that  muscles  are  caused  to  contract. 
If  the  electrical  impulse  is  instantaneous,  the  contraction  is  in- 
stantaneous, and  immediately  subsides.  Up  to  about  20  impulses 
per  second  this  rule  holds  good,  but  beyond  that  the  muscle  has 
not  time,  between  the  impulses,  to  subside  from  its  state  of  con- 
traction, and  remains  in  permanent  ''contraction  so  long  as  the 
varying  current  continues  to  flow.  The  excitation  of  the  muscle 
is  primarily  effected  by  means  of  the  nerves  which  supply  it,  but 
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it  may  also  be  caused  to  contract  independently  of  its  nerves. 
Using  a  galvanic  current,  muscles  contract  more  or  less  quickly 
to  single  impulses,  according  to  which  pole  is  used,  and  according 
to  whether  the  circuit  is  made  or  broken.  Employing  the  sym- 
bol C  for  cathode,  c  for  closure,  c  for  contraction,  0  for  opening, 
and  A  for  anode,  tlie  relative  order  of  contraction,  as  established 
by  Pfluger  is : 

CccyAccyAOcy  C Oc^  viz. : 

cathodic  closure  contraction  is  greater  than  anodic  closure  con- 
traction, which  in  turn  is  greater  than  anodic  opening  contrac- 
tion, which  likewise  in  turn  is  greater  than  cathodic  opening 
contraction.  This  amounts  to  saying  that  neuro-muecular  excita- 
bility is  most  marked  at  the  negative  pole.  But  that  the  law  it 
not  comprehensive,  is  shown  by  the  fact  that  currents  several 
times  reversed  excite  muscular  contractions  far  more  actively 
than  a  negative  pole  does. 

The  muscles  thus  far  referred  to  are  made  up  of  striped  mus- 
cular fibre ;  they  constitute  the  bulk  of  tlie  human  body.  And 
while  they  contract  to  a  varying  current  as  outlined,  they  do  not 
contract  to  a  continuous  or  unvarying  current,  except  it  be  very 
powerful. 

Opposed  to  the  striped  muscular  system,  there  is  another  com- 
posed of  smooth,  muscular  fibre?,  which  makes  up  the  heart,  the 
uterus  and  other  important  organs,  and  exists  in  the  intestinal 
walls.  This  system  contracts  powerfully  to  a  continuous  current, 
and  not  so  readily  to  a  varied  current. 

And  this  distinction  leads  to  a  very  important  differentiation 
in  electro-therapeutics,  and  one  which  is  scarcely  yet  recognized 
in  practice.  Intestinal  movements,  for  instance,  in  dangerous 
or  other  cases  of  occlusion  and  paralysis  of  the  bowels,  will  be 
best  set  up  by  a  continuous  current,  which  would  not  cause  a  con- 
traction of  the  biceps  or  (.ther  muscle  composed  of  striped  mus- 
cular fibre.  The  reduction  of  this  physiological  fact  to  a  practice 
we  owe  to  Boudet  de  PAris. 

Nerve  Excitation. — The  nerves  of  the  body  are  mainly  of  two 
kinds ;  the  motor,  which  convey  outward  from  the  brain  and 
other  centres  those  neural  impulses  which  lead  to  muscular  move- 
ment; and  the  sensory,  whicii  carry  inward  to  the  brain  and  other 
centres  the  sensations  of  pain,  touch,  temperature,  etc.,  from  the 
external  world. 
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Electricity  affects  both  classes  of  fibres,  as  well  also  as  the  spe- 
cial cellular  nervoas  substance  in  which  they  start,  or  in  which 
they  terminate.  The  positive  pole  diminishes  the  excitability 
and  the  conductivity  of  a  nerve,  while  the  negative  pole  heightens 
them.  The  former  is  therefore  sedative,  as,  for  instance,  in 
neuralgia,  while  the  latter  is  stimulating,  as  in  paralysis.  This 
fact  of  the  diametrically  opposed  physiological  properties  of  a 
current  at  the  points  of  its  polar  application  also  admits  of  a 
physical  explanation.  As  Baron  von  Humboldt  fitvt  demonstrated, 
acids  which  accumulate  at  the  positive  pole  depress  the  excita- 
bility of  nerve  tissue,  while  alkalies,  which  accumulate  at  the 
negative  pole,  heighten  the  excitability. 

The  above  facts,  relating  to  nerves,  are  known  as  electro- 
tonus. 

Again,  living  muscular  tissue  becomes  acid  by  fatigue,  and 
alkaline  in  repose  or  rest.  It  is  evident  that  a  positive  pole 
will  increase  fatigue  by  increasing  acidity,  while  the  negative  pole 
will  overcome  fatigue  by  neutralizing  the  acid. 

ElectrchDiagnosiB, — To  every  muscle  of  our  body  a  nerve 
goes  to  set  the  muscle  in  motion  and  to  maintain  its  nutrition. 
If  this  nerve  is  cut,  bruised  or  diseased,  so  that  the  conducting 
pathway  from  the  nerve  centre  in  the  spinal  cord  or  brain  to  the 
muscle  is  abolished,  or  if  the  centre  itself  is  destroyed  by  disease 
or  otherwise,  then  the  muscle  suffers  and  actually  degenerates. 
There  are  many  of  the  most  serious  diseases  of  the  nervous 
system  in  which  the  muscle  thus  suffers.  Electricity  enables  the 
pliysician  to  decide  if  the  muscle  and  its  nerve  are  impaired,  and 
adds  greatly  to  the  certainty  of  a  diagnosis.  The  test  is  simple. 
An  electrode  is  applied  at  a  point  on  the  skin,  previously  deter- 
mined and  mapped  out  on  charts,  by  aid  of  dissections  upon  tlie 
dead  subject,  just  over  wliere  the  nerve  plunges  into  the  bulk  of 
the  muscle.  If  the  faradic  or  induced  current  is  turned  on,  it 
will  be  found  that  the  muscle,  if  degenerated,  has  lost  in  a  greater 
or  lesser  degree  its  power  of  contracting,  simply  because  in  its 
changed  condition  no  single  electric  impulse  of  this  current  lasts 
long  enough  to  affect  it. 

If  the  galvanic  or  continuous  current  is  turned  on,  the  muscle 
contracts  to  single  impulses,  because  they  last  longer — but  this 
singular  fact  now  appears — viz  :  that,  whereas  in  the  healthy 
muscle  the  negative  pole  causes  the  greatest  contraction,  in  the 
diseased  muscle  the  positive  pole  causes  the  greatest  contraction. 
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This  law  of  excitability  to  rapidly  varying  currents  (over  20 
and  under  5,000  per  second),  and  reversal  of  the  normal  order  of 
degree  contraction  to  a  single  impulse  of  the  galvanic  current  is 
termed  the  reaction  of  degeneration  of  erb.  It  is  the  physi- 
cian^s  great  reliance  for  prognosis  or  diagnosis  in  many  most  serious 
diseases  of  the  nervous  and  muscular  systems. 

Nutrition, — No  general  fact  associated  with  the  administra- 
tion of  electricity  is  more  familiar  than  that  the  general  health 
— the  nutritional  processes — are  promptly  and  greatly  improved. 
The  exchanges  between  the  blood  and  the  tissues  are  augmented — 
the  patient  absorbs  more  oxygen  and  excretes  more  carbonic  acid 
and  urea,  and  he  gains  in  weight  and  comfort.  But  as  these 
tissue  exchanges  are  set  up  more  especially  by  general  administra- 
tions, like  the  franklinic,  and  by  the  sinusoidal  current  with  large 
electrodes  of  D'Arsonval,  we  will  defer  their  further  considera- 
tion  until  later  on. 

In  general,  electricity  has  been  found  useful  in  diseases  of  the 
brain,  spinal  cord,  and  of  the  nerves,  like  paralysis,  atrophy, 
spasm,  contractions,  anaesthesia,  neura&>thenia  or  nerve  exhaustion, 
hysteria,  migraine,  melancholia,  hebephrenia,  epilepsy,  and  gen- 
eral paresis — in  anaemia,  rheumatism,  gout,  in  many  diseases  of 
women,  and  in  numerous  surgical  affections. 

In  all  of  these  diseases,  the  pathology  once  established,  either 
in  fact  or  in  hypothesis,  a  given  property  or  properties  of  some 
given  modality  of  the  current  is  applied  to  effect  a  cure. 

We  have  already  said  enough  to  point  out  the  enormous  power 
possessed  by  electricity  over  some  of  the  functions  of  living 
tissue.  There  is  no  recess  of  our  bodies  so  deep  but  what  nerve 
fibres  penetrate  to  it,  or  muscular  fibre  helps  to  make  up  its  mass. 
No  part  of  our  material  mass  can  escape  its  influence.  And  when 
we  speak  of  high  frequency,  high  potential  currents,  we  shall 
have  occasion  to  refer  more  specifically  to  special  and  important 
modifications  of  function. 

The  trouble  is  not  that  electricity  does  so  little  in  our  human 
bodies,  but  that  it  does  so  much — we  cannot  classify,  systematize, 
and  properly  direct  our  power.  We  pause,  confused,  in  the 
multiplicity  and  in  the  interwoven  character  of  tissues  and  their 
functions — become  bewildered  in  the  problems  of  biology,  the 
process  of  vitality — the  process  of  disease.  If  we  falter,  let  us 
not  blame  our  noble  agency,  which  is  more  than  ready  to  do  all 
that  we  require  of  it ;  but  blame  rather  the  shortcomings  of  our 
own  knowledge. 
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Section  III. 
High  Frequency,  High  Potential  Currents. 

In  view  of  the  prodigious  progress  of  electrical  science  and 
practice  in  recent  years,  it  is  evident  that  medicine,  conservative 
as  it  may  be,  cannot  long  remain  without  the  pale  of  the  new 
advances.     No  one  science  can  stride  forward  without  dragging 
the  others  with  it.     There  is  a  correlation  of  sciences,  just  as 
there   is  of  energies.     To-day,  medicine   is   occupied — is  pre- 
occupied, with  bacteriology.    And  no  less  fascinating  is  this  study, 
than  are  substantial  the  benefits  whicli  it  has  already  conferred  upon 
humanity.     Electricity  in  medicine  has  had  one  "  innings,"  and 
that  an  unsatisfactory  one.    Its  advent  was  premature,  the  nature 
of  the  agency  itself  and  its  phenomena  were  uncomprehended, 
and  electro-therapeutics  became  a  synonym  for  a  ^*  vasty  deep" 
of  speculative  deductions,  ignorant  methods,  and,  more  unfortu- 
nately still,  of  crafty  practices  of  charlatanism  and  quackery.  The 
old  electro-therapeutics  still  labors  under  antiquated  physics,  con- 
fused electro-physiology,  and  observations  colored  by  the  fanciea 
of  the  observer ;  the  new  is  being  built  upon  experimentation  in 
the  physiologist's  laboratory,  and  in  the  electrician's.     The  old 
relied  upon  Local  applications  at  the  tip  of  small  sponges— by 
local  treatment  it  sought  locally  to  cure  disease ;  the  new,  while 
not  neglecting   the  localizing  method,  goes  further,  and  hv  a 
general  application,  affects  the  entire  organism,  the  pulse,  the 
temperature,  the  lung  and  the  other  excretions;  in  short,  all  that 
constitutes  the  nutrition  of  the  individual.     It  seeks  by  exciting 
the  highest  degree  of  the  health  of  the  individual  to  make  hnman 
tissue  an  unfit  habitation  for  disease  and  morbid  conditions. 

Our  antitheses  may  possibly  make  the  line  of  distinction  too 
strong,  but  thev  will  answer  our  purpose  as  they  serve  to  empha- 
size the  fact  that  general  adminititratiou  of  electricity  as  a  cura- 
tive agent  is  c^uite  as,  if  not  more,  important  than  the  exclusire 
local  administrations  so  long  in  vogue. 

This  transition  to  obtaining  general  •  ffects  from  electricity  in 
medical  use  involves  a  corresponding  transition  in  the  nature  of 
the  apparatus  employed,  and  in  the  method. 

The  new  era  of  the  introduction  of  general  effects  was  initiated 
by  the  revival  of  the  use  of  statical  or  franklinic  electricity  in 
1879  by  Charcot  of  Paris.  The  electrostatic  bath  and  spark  was 
a  general  treatment,  and  one,  as  we  are  only  just  now  learning 
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with  good  evidence,  of  great  power,  if  applied  from  large  ma- 
chines. But  we  must  here,  also  ^i  ve  credit  to  Beard  and  Rockwell 
of  our  own  country,  who  as  early  as  1868  recognized  the  nutri- 
tional value  of  general  electric  treatments  and  formulated  their 
ideas  in  a  valuable  technique  comprised  under  the  titles  of  "  cen- 
tral galvanization,"  and  "general  faradization." 

Franklinism  must  furthermore  be  classified  under  high  poten- 
tial, high  frequency  currents,  and  it  will  be  here  considered  from 
that  point  of  view.  This  classification  is  based  upon  the  self- 
ovident  potential  and  upon  the  oscillatory  nature  of  spark  dis- 
charges. What  the  physical  effects  in  a  circuit  influenced  by 
electrostatic  discharges,  particularly  in  a  circuit  acted  upon  in- 
ductively, may  be,  we  have  only  learned  in  recent  years  from 
Mr.  Tesla.  His  genius  has  flooded  the  scientific  world  with  a 
new  illumination  of  ideas  and  facts,  and  this  illumination  has 
spread  backward  and  invested  our  older  observations  with  a  new 
and  vital  interest. 

The  writer,  after  a  visit  to  Paris  in  1880,  and  a  study  of  Pro- 
fessor Charcot's  work  with  statical  electricity,  introduced  the 
subject — general  electrostatic  administration — to  the  profession 
in  this  country  in  a  formal  paper,  read  before  the  New  York 
Academy  of  Medicine,  March  3,  1881,  bringing  home  machines 
and  electrodes  which  served  for  models  to  American  manufac- 
turers of  these  instruments. 

In  this  same  publication,  he  first  described  a  method  of  obtain- 
ing high  potential,  high  frequency  currents  from  the  influence 
machine,  and  pointed  out  its  use  and  value  in  therapeutic  work^ 
under  the  title  of  *'  A  new  induction  current  in  medical  elec- 
tricity." Such  a  current  had  been  hitherto  unknown.  Its 
physiological  effects  as  then  described,  are  the  Tesla  effec  s,  as 
more  recently  produced,  while  its  physical  effects  in  the  light  of 
Tesla's  subsequent  investigation,  are  now  seen  to  be  similar. 
The  current  was  named  the  "  static  induced  current."  But  the 
writer's  publication  attracted  but  little  attention,  since  it  was  con- 
fined to  medical  circles,  and  the  time  was  not  yet  ripe  for  a  com- 
prehension of  the  peculiar  effects  and  the  action  of  currents  of 
an  induction  circuit,  produced  by  greatly  increasing  the  frequency 
of  the  interruption  in  a  primary  circuit  by  aid  of  a  small  spark 
and  condensers. 

The  mechanical  means  to  secure  great  rapidity  in  the  oscilla- 
tions or  alternations  was  identical   with  that  pursued  ten  years 
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later  by  Mr.  Tesla,  and  later  on  by  D' Arson  val,  Thomson,  Hertz, 
.  and  Lodge,  viz : — the  use  of  condensers  and  a  small  spark  gap^ 
across  wliich  a  spark  was  continuously  discharging. 

Tesla's  first  publication  appeared  in  February,  1891. 

In  March  1891,  Elihu  Thomson  made  the  observation  that 
currents  whose  current  strength  was  fatal  or  dangerous  to  bnman 
beings  at  a  slow  rate  of  interruption,  could  be  taken  through  the 
body  with  less  danger  when  the  rate  was  largely  increased,  and 
Dr.  Edward  Tatum,  of  Yonkers,  N.  Y.,  carried  out  physiological 
experiments  and  demonstrated  this. 

To  M.  D'Arsonval  of  Paris,  we  must  accord  the  development 
of  the  physiological  effects  of  high  potential,  high  frequency 
<5urrent.  To  him  we  owe  a  systematization  of  the  facts  and  a 
vast  amount  of  original  research,  while  to  Messieurs  Gautier  and 
Larat,  besides  their  own  original  labors,  we  are  indebted  for  the 
promulgation  of  the  sinusoidal  current  in  its  medical  applica- 
tions. 

The  peculiarity  of  the  physiological  eflFects  of  high  frequency, 
high  potential  currents,  is  that : 

a.  Currents  whose  current  strength  is  fatal  or  dangerous  to  hu- 
man beings  at  a  slow  rate  of  interraption,  may  be  taken  through 
the  body  without  danger  when  the  rate  is  largely  increased.  One 
may  easily  verify  this  statement  with  an  ordinary  medical  induc- 
tion coil,  whose  primary  is  supplied  from  a  small  alternator.  A 
slow  rate  gives  painful  shocks,  and  as  the  rate  is  increased,  the 
current  becomes  more  and  more  bearable  up  to  a  point  where 
almost  no  eflfect  is  appreciated.     At  the  high  rates : 

J.  The  sensory  nerves  are  not  aflfected — i,e,^  little  or  no  pain  is 
felt.     (Morton,  Tesla,  Thomson,  D'Arsonval.) 

c.  The  motor  nerves  are  not  ailected — i.<?.,  little  or  no  move- 
ment takes  place.     (Morton,  Tesla,  Tiiomson,  D'Arsonval.) 

d.  Increased  tissue  changes  are  manifested  by  a  freer  absorption 
of  oxygen,  and  increased  elimination  of  carbonic  acid.  (D'Arson- 
val.) 

e.  No  rise  in  the  temperature  of  the  more  central  parts  of  the 
body.     (D'Arsonval.) 

f.  Dilatation  of  blood  vessels,  resulting  in  lower  blood  pressure. 
(D'Arsonval.) 

g.  Lamps  become  incandescent  when  placed  in  circuit  with 
persons  who  experience  no  sensations.     (Tesla,  D'Arsonval.) 

The  writer's  arrangement  of  1881,  for  the  condenser  correnti 
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from  influence  machines,  may  be  calculated  to  afford  1,500,000 
oscillations  or  alternations  per  second.  Mr.  Tesla  employed  20,- 
000  per  second  without  Leyden  jars,  and  the  frequency  with 
Ley  den  jars  was  calculated  to  equal  from  1,000,000  to  1,500,000 
per  second. 

Professor  Thomson's  alternating  current  was  derived  from  an 
alternating  dynamo  machine,  whose  highest  number  of  alterna- 
tions was  about  8,000  per  second. 

M.  D'ArsonvaPs  arrangement  appears  to  admit  of  absolute  ac- 
curacy in  the  rate  per  second  up  to  10,000  per  second,  since  he 
employs  a  specially  constructed  alternating  current  dynamo, 
whose  product  is  a  sinusoidal  or  even  wave  current.  He  states, 
^hat  by  the  aid  of  powerful  RuhmkorflE  coils,  condensers,  and  in- 
duction coils,  he  carries  the  frequency  of  interruption  up  to 
1,000,000  per  second,  while  the  current  strength  is  five  amperes. 
When  we  compare  these  figures  with  the  200  per  second  rate  of 
the  ordinary  medical  induction  coil,  it  is  plain  that  we  are  tread- 
ing on  different  ground,  and  there  is  no  doubt  that  in  high  fre- 
quency, high  potential  currents,  that  is  to  say  in  currents  which 
are  of  high  electromotive  force,  and  which  alternate  or  flow  in 
opposite  directions  a  great  number  of  times  per  second,  we  pos- 
sess in  medicine  an  ally  as  valuable  in  the  cure  of  disease  ae  any 
other  type  or  modality  of  current  like  the  galvanic  and  the  fara- 
dic  or  ordinary  frequency  of  interruption. 

To-day,  then,  we  may  obtain  the  currents  under  discussion : 

1.  From  Morton's  apparatus,  viz.,  from  the  influence  machine 
by  condenser  currents;  (1881.) 

2.  From  Tesla's  apparatus ;  (February  21st,  1891.) 

3.  From  Thomson's  apparatus;  (March,  1891.) 

4.  From  D'Arsouval's  high  frequency  sinusoidal  apparatus; 
(February  24,  1891.) 

But,  since  it  is  the  Tesla  experiments,  performed  with  appara- 
tus capable  of  affording  an  alternating  electrostatic  field  of  great 
energy,  which  have  in  reality  brought  into  prominence  not  only 
the  electrostatic  phenomena  of  influence  machines,  but  also  all 
electrostatic  phenomena  of  currents,  I  think  it  best  to  abandon 
the  historical  order  in  favor  of  one  which  has  served,  and  con- 
tinues to  serve  to  demonstrate  the  subject  most  fully,  and  by 
effects  utterly  impossible  to  obtain  in  degree  from  any  influence 
machine. 
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Franklinism  or  Electrostatics  in  Medicine. 

(^Statical  Electricity.) 

JJefore  touching  more  fully  ui)on  any  one  of  these  three  6pe^ 
ialized  forms  of  high  potential,  high  frequency  currents,  we  must 
study  briefly  that  progenitor  of  all  high  potential,  high  frequency 
currents,  the  electrostatic  or  friction  or  influence  machine,  its 
product,  its  uses,  and  place  in  medicine. 

Referring  in  a  recent  interview  to  the  possibility,  already 
proved  by  experiment,  of  the  transmission  of  energy  through  the 
air.  Mr.  Tesla  says :  *'  The  plan  I  have  suggested  is  to  disturb 
by  powerful  machinery  the  electricity  of  the  earth,  thus  setting  it 
in  vibration.  Proper  appliances  will  be  constructed  to  take  up 
the  energy  transmitted  by  these  vibrations,  transforming  them 
into  a  suitable  form  of  power,  to  be  made  available  for  the  prac- 
tical wants  of  life.  Primarily^  the  agent  that  1  propose  to  mm 
co7isiMs  of  an  old  fashioned  electrical  spark  ^MQh  as  they  derive 
from  a  Leyden  jar.  This  is  rapidly  discharged  back  and  forth 
a  great  number  of  tiines.  Each  time  that  the  spark  seems  to  paas, 
it  is  in  reality  passing  hundreds  of  thousands  of  times,  and  each 
time  it  passes  it  sets  np  these  waves  in  the  ether,  which  extend 
out  into  space.  In  other  words,  the  result  of  the  experiment  is 
to  .disturb  the  equilibrium  of  the  ether." 

Primarily  also  we  may  say,  in  a  minor  degree,  in  medical  ad- 
ministrations of  statical  electricity,  the  agent  which  the  physician 
uses  is  the  spark  ;  the  electric  ether  vibrations  are  similarily  set 
up,  and  the  appliance  attuned  to  take  up  the  energy  transmitted 
by  these  vibrations  is  the  human  l>ody,  with  all  its  complexity  of 
delicate  physiological  mechanisms,  of  delicate  cell  and  fibre, 
themselves  already  vibrating  with  the  function  of  life. 

The  spark  then  demands  our  first  attention.  [Assistant  here 
turned  the  crank  of  a  large  Iloltz  machine.] 

A  few  brief  revolutions  of  the  wheels  of  this  great  Holtz 
machine,  and  you  see  a  torrent  of  sparks  passing  between  the 
discharging  rods.  One  of  our  number^  kindly  allows  himself  to 
be  mounted  upon  this  insulated  platform  connected  by  a  brass  rod 
to  the  machine,  and  attest  for  us  all  the  peculiar  sensations  of  the 
electric  charge,  while  again  when  I  draw  sparks  from  various  parts 
of  his  body,  you  yourselves  can  see  the  results  of  the  muscles 
thrown  into  activity.     A  spark  to  the  biceps  raises  a  dumb-bell 

1.  Mr.  W.  J.  Jenks,  Member  of  the  Institute, 
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grasped  in  Lis  hand  ;  another  to  the  triceps  throws  the  arms  vio- 
lently backward  ;  his  fingers  extend  and  flex,  as  the  corresponding 
muscles  are  touched;  a  spark  to  nerve  trunks  produces  the  familiar 
hand  postures,  just  as  when  the  ulnar  or  median  nerves  are  ex- 
cited in  galvanism  or  faradism.  Before  your  eyes  are  taking  place 
profound  excitations  of  nerve  and  muscle,  visible,  objective 
evidence  of  the  power  of  this  current  which  has  been  said  by  some 
doctors  to  l)e  superlical,  and  not  to  penetrate  beneath  the  skin. 
Were  onr  patient's  temperature  below  the  normal,  as  is  more  com- 
monly the  case  than  is  suspected  in  many  chronic  diseases,  you 
would  find  that  it  rose  to  normal.  In  fact,  had  we  time  to  ex- 
amine our  patient  more  critically,  we  could  determine  with  posi- 
tiveness  alterations  in  his  pulse  and  temperature,  and  the  amount  of 
urea,  and  phosphates  excreted.  We  could,  in  fact,  establish  great 
alterations  for  good  in  the  chemical  organic  exchanges  or  oxygen 
combustions  which  are  the  essence  of  health,  and  equally  the 
essence  of  cure  Evidently  we  have  before  us  a  medical  instru- 
mentality of  great  power,  even  though  it  be  the  ancient  Holtz 
machine  whose  phenomena  have  been  too  long  neglected,  both 
by  the  electrician  and  the  physician. 

Striking  as  are  the  differences  between  the  electric  product  of 
the  influence  machine  and  our  small  galvanic  and  faradic  exciters 
of  electric  energy,  in  reality  the  differences  are  more  apparent 
than  real,  and  the  kinship  of  the  different  modalities  of  electricity, 
however  excited  are  most  easily  established. 

With  the  electric  product  of  this  machine  we  may  repeat  in 
lesser  degree  any  experiment  which  may  be  accomplished  by  the 
galvanic  or  faradic  currents. 

That  form  of  electricitv,  known  as  statical,  has  an  enormous 
E.  M.  F.  and  low  amperage;  that  known  as  galvanic, an  enormous 
amperage  and  low  e.  m.  k.  ;  but  neither  is  without  one  element 
or  the  other;  it  is  merely  a  question  of  degree  or  ratio. 

The  so-called  dynamic  or  current  electricity  of  the  physician  is 
also  static,  while  the  static  is  also  dynamic  or  current  electricity. 
While  a  Holtz  machine  exhibits  a  voltage  of  100,000  to  a  spark 
one  inch  in  length,  or  say,  easily  a  total  voltage  of  1,000,000,  re- 
presented by  a  spark  ten  inches  in  length,  a  voltaic  cell  exhibits 
a  total  voltage  of  only  1^.  But  the  cell  represents  many  am- 
peres, while  the  machine  re[)re8ents  merely  a  very  small  fraction 
of  an  ampere. 

In  medical  work  no  deductions  based  upon  these  facts  can  be 
justly  cited  for  the  purpose  of  making  invidious  distinctions  as  to 
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their  respective  curative  value.  Preponderating  c.  8.  does  ite 
special  work,  and  preponderating  e.  m.  f.  does  its  special  work. 
It  is  merely  a  question  of  the  work  to  be  done.  Knowing  thesedif- 
fererences,  the  physician  selects  one  or  the  other,  together  with 
some  one  or  more  of  its  special  properties,  and  pits  a  given  pro- 
ducible effect  against  a  known  or  presmned  condition  of  diBease; 
this  is  a  scientific  method  in  contradistinction  to  simple  empiri- 
cism. 

Historical. — The  spark  and  frictional  electricity  have  long 
held  sway  in  medicine,  beginning  with  the  time  in  1730,  when 
Stephen  Gray  discovered  conduction  and  insulation,  and  drew 
sparks  from  a  boy  suspended  by  strands  of  horse-hair.  It  was 
the  Abbe  Nollet.  however,  who  sliortly  after  drew  the  first  spark 
with  the  idea  of  curing  disease ;  that  spark  marked  the  dawn  of 
electro-therapeutics.  Then  followed  the  brilliant  discoveries  of 
the  older  philosophers  and  of  the  doctors — both  of  science  and  of 
medicine — who  floundered  about  in  their  attempts  to  establish 
the  identity  of  electricity  with  nerve  force,  with  vital  force,  with 
life  itself,  and  thus  hoped  to  find  the  elixir  of  life,  and  probe 
that  deepest  mystery.  The  miasm  of  their  speculations  yet  clings 
to  the  purlieus  of  medicine.  And  yet  to  the  mind  unaccustomed 
to  scientific  thought,  the  modern  view  that  electricity  and  light 
are  identical,  seems  almost  as  marvellous. 

In  connection  with  early  electro-therapeutics,  it  is  interesting 
to  us  Americans  to  recall  that  Benjamin  Franklin  in  1752  in 
Philadelphia  was  treating  paralytics  by  shocks  from  his  Leyden 
jars.  One  patient,  a  young  lady,  who  had  for  ten  yeais  been 
tortured  with  convulsions,  thus  quaintly  describes  her  experi- 
ence: 

'  ^  At  length  my  spirits  were  quite  broke  and  subdued  with  so 
"  many  year's  affliction,  and  indeed  I  was  almost  grown  desperate, 
"  being  left  without  hope  of  relief.  About  this  time  there  was 
•'great  talk  of  the  wonderful  power  of  electricity;  and  as  a 
"person  reduc'd  to  the  last  axtremety  is  ^lad  to  catch  at  any 
"  thing,  I  happened  to  think  it  might  be  useful  to  me.  Altho'  I 
"could  have  no  encouragement  from  any  experiment  in  the  like 
"case,  I  resolv'd  to  try,  let  the e'ent  be  what  it  might ;  for  death 
*'  was  more  desirable  than  life,  on  the  terms  I  enjoy'd  it.  Accord- 
"ingly  I  went  to  Philadelphia,  the  beginning  of  September,  1752, 
"  and  apply'd  to  B.  Franklin,  who  I  thouent  understood  it  best 
"  of  any  person  here.  I  receiv'd  four  shocks  morning  and  eve- 
"ning;  they  were  what  thev  call  200  strokes  of  the  wheel,  which 
"fills  an  eight  gallon  bottle,  and  indeed  they  were  very  severe. 
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"  On  receiving  tlie  first  shock,  I  felt  the  fit  very  Btrong,  but  the 
"  second  effectnal)  j  cairy'd  it  off ;  and  thus  it  was  every  time  I 
"wentthroDgh  the  operation;  yet  the  symptoniB  gndnally  de- 
"crcased,  'till  at  lenjrth  they  entirely  left  me.  I  staid  in  town 
"but  two  weeks,  and  when  I  went  home,  B.  Franklin  ums  bo 
"  good  as  to  supply  me  with  a  glotie  and  bottle,  to  electrify  my- 
"flelf  every  day  for  three  months.  Tlie  tits  were  soon  carried  on, 
"hot  the  cramp  continued  Bomewhat  longer,  tho'  it  was  scarc-ely 
''troublesome,  and  very  eoldom  returu'dl  i  now  enjoy  aueh  a 
"  state  of  health,  as  I  won'd  have  given  all  the  world  for,  this 
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'*  time  two  years,  if  it  had  been  in  my  j)ower,  and  I  have  great 
"  reason  to  hope  it  will  eontiune." 

I  will  merely  remark  further  in  passing,  that  tlie  discovery  of 
the  Leyden  jar  in  174tJ,  the  diecoveriee  of  Cjaiyani  and  Volta 
about  1800,  and  of  induction  electricity,  completed  by  1840,  each 
formed  historical  epodm  which  gave  to  medicine  respectively, 
franklinism,  faradism  and  galvanism. 

Thb  Isflubnce  Maciiikk  and  its  Adaptation  to  Medical  Usb. 

It  is  here  enough  to  tny  uf  an  influence  machine,  that  it,  tike  anj 
other  device  for  exciting  electricity,  pieBeiit&t'no\KAu  ^jcnuwAiA^ 
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these  are  termed  prime  conductors.  In  the  Holtz  machine  one 
vertical  half  of  the  revolving  plates  is  always  of  one  polarity,the 
other  of  the  opposite,  and  the  prime  conductors  in  connection 
with  each  half  are  similarly  of  opposite  polarity. 

The  machine  I  use  I  have  had  constructed  by  theGrahano- 
Faattdic  Co.,  of  New  York.  It  is  in  reality  a  Wimshurst-Holtz 
machine.  It  has  eight  30-inch  in  diameter  revolving  disks,  and 
six  rectangular  dividing  plates.     It  easily  gives  a  12-inch  spark. 

Within  the  glass  case  is  a  small  Wimshurst  exciter  to  charge 
the  large  plates  in  humid  weather.      In  addition  to  the  usual 


Fio.  2.     Electrode  for  Bipolar  treatment  with  induced  cur* 
rents  from  static  machines. 


Fio.  8.*  Vaginal  Electrode  for  applying  static  spark  to  the 
uterus  or  in  other  cavities  of  the  body. 


Pig.  4.    Usual  form  of  Bipolar  Electrode  especially  in- 
sulated, is  used  with  the  Static  Induced  Current. 


arrangements  for  spark  and  spray  administrations,  this  machine 
has  mechanical  devices  for  the  production  of  the  Morton  current 
from  condensers,  and  furthermore  a  transformer  for  still  further 
modifying  this  current.  The  machine  is  believed  to  embody  all 
the  modern  improvements  for  medical  and  laboratory  use. 

Electrodes. — The  electrodes  most  used  art  a  brass  ball  and  a 
point,  one  for  sparks,  the  other  for  spray.  The  best  working 
diameter  for  the  ball  is  If  inclies.  To  apply  sparks  to  a  precise 
gpot  or  within  the  cavities  of  the  body,  I  have  devised  two  elec- 
trodes, here  illustrated.     The  brass  ball  is  surrounded  by  a  glass 
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ube  like  a  test  tube,  and  the  rounded  end  is  perforated  with  a 

mall  hole  for  the  passage  of  the  spark. 

The  usual  form  of  l)ipolar  electrode  especially  insulated  is  used 

^ith  the  static  induced  current. 

Methods  of  Adviinistration  and  Connections. 

The  patient  is : 

a.  Placed  upon  an  insulated  platform  by  the  older  and  classical 
nethod. 

b.  Uninsulated  by  my  method  of  employing  condenser  currents. 
Insulated, — The  platform  is  connected  to  whichever  prime  con- 

luctor  is  desired,  commonly  the  positive.  He  is  now  simply  an 
extension  of  the  conductor,  and  enlarges  its  static  capacity. 

In  this  position,  the  static  charge  escapes  from  the  charged 
patient : 

a.  By  leakage. 

h.  By  a  brush  discharge,  established  by  a  pointed  electrode. 

c.  By  disruptive  discharge  or  spark,  established  by  a  ball  elec- 
rode. 

The  electrodes  are  provided  with  insulated  handles,  and  their 
conducting  portion  is  attached  to  a  chain  which  is  in  turn : 

a.  Attached  to  the  other  prime  conductor — direct  method  ; 

h.  Led  to  the  ground — indirect  method. 

The  direct  method  is  commonly  employed,  but  gives  a  painful, 
rritatiug  spark,  and  should  never  be  used.  The  indirect  method, 
>y  grounding,  gives  a  long,  clear  spark,  and  is  by  far  less  painful. 

In  working  with  electricity  of  this  high  e.  m.  f.,  the  mere  act 
)f  grounding  seems  to  me  to  be  superior,  because  it  affords  a 
arge  capacity  surface  in  surrounding  objects,  rather  than  because 
t  supplies  an  earth  circuit  in  the  ordinary  acceptation  of  the 
;erm. 

Many  physicians  have  objected  to  this  treatment  by  saying — 
'  Yes,  true,  you  communicate  an  electric  charge  to  the  patient's 
mrffiwje,  and  you  draw  it  off,  but  no  effect  takes  place  within  the 
patient  and  beneath  the  surface."  A  practical  answer  to  the  ob- 
jector is  to  administer  to  him  a  spark,  when  his  deepest  groups 
)f  muicles  will  contract  and  convince  him  that  the  effect  is  not 
mperflcial.  A  physical  answer  is,  that  the  patient  is  actually  a 
charged  insulated  conductor,  and  since  he  constitutes  a  conductor, 
by  a  well  known  law  of  electricity,  his  potential  at  every  point, 
within  and  without,  is  the  same.     But  each  spark  drops  his  po- 


580  MORTON  ON  ELECTRICITY  IN  MEDICINE.      J  May  17, 

\  Sept.  SO, 

tential  to  zero,  therefore,  his  potential  within  as  well  as  without  is 
equally  dropped  to  zero  and  we  mnst  admit  that  instead  of  king 
superficial,  no  treatment  could  be  more  complete  in  its  effects  upon 
every  molecule  of  the  organism  submitted  to  it.  This  is  undoubt- 
edly the  reason  why  in  electrostatical  treatments  the  entire  nu- 
tritional  processes  of  the  body  are  affected,  and  corresponding 
cures  of  disease  produced. 

Ordinarily,  administrations  are  either  by  the  spray,  bnish 
discharge,  or  by  electric  bath,  as  it  is  sometimes  called,  and  by 
the  spark.  The  former  is  used  about  fifteen  minutes,  the  latter, 
from  five  to  ten.  The  spark  should  be  long,  clean,  and  percus- 
sive when  deep  effects  are  desired ;  and  frictional,  caused  by 
rubbing  the  metiUic  ball  electrode  over  the  body,  when  counter- 
irritant,  revulsive  and  reflex  effects  are  to  be  obtained.  It  is  a 
great  convenience  of  this  method  of  treatment  that  it  is  not 
necessary  to  remove  any  part  of  the  clothing. 

When  the  patient  is  treated  : 

Unhisulated, — By  the  static  induced  current,  the  output  of 
the  machine  at  its  terminals  is  simply  a  current  and  no  longer  a 
spark.  The  patient  is  not  submitted  to  a  "  charge,"  but  is  treated 
as  if  by  a  galvanic  or  faradic  apparatus.  The  current  itself  will 
be  referred  to  separately. 

Physics  and  Physiological  Action. 

Any  extended  allusion  to  the  physics  of  electrostatics  would  be 
entirely  out  of  place.  I  shall  merely  ricochet,  so  to  speak,  over 
this  territory,  just  touching  ground  at  intervals  where  physics 
and  medicine  meet  in  some  emphatic  relation. 

The  experimental  facts  of  the  class-room  are  famiUar  to  all. 
But  from  nature's  laboratory  we  may  derive  a  passing  thought. 
We  may  call  upon  the  lightning  for  an  analogy  to  our  spark, 
administered  to  our  patient,  and  upon  electrical  conditions  of  the 
atmosphere  for  an  analogy  to  his  state  of  electric  charge  while 
sitting  upon  the  insulated  platform.  In  every  thunderstorm  we 
have  a  laboratory  experiment ;  every  day  we  bathe  in  a  certain 
electric  potential  corresponding  to  the  electrostatic  bath. 

What  points  then  should  be  noticed  ?  What  deductions  may 
we  draw  ? 

The  lightning  is  a  great  spark;  its  effects  are  mechanical, 
physical  and  physiolo^^ical.  Mechanically,  it  often  moves  great 
masses,  displaces  and  transports  them  ;  it  performs,  in  short,  on  a 
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large  scale  a  cataphoresis,  just  as  on  small  scale,  we  transport 
medicines  through  the  skin,  or  move  about  fluids  in  the  tissues. 
The  spark  of  the  influence  machine  produces  a  molecular  pertur- 
bation at  every  point  where  it  strikes,  a  sort  of  molecular  gym- 
nasties,  so  to  speak,  or  displacement  of  tissue,  accompanied  by 
corresponding  changes  in  nutrition — new  blood  flows  to  the  part, 
the  lymphatics  increase  in  activity,  and  carry  off  effete  material ; 
there  is  a  local  revivification. 

Again,  the  great  spark  kills  people,  and  upon  their  bodies  are 
found  marks  indicating  mechanical  rupture  of  their  tissues.  If 
they  recover,  there  frequently  remains  extensive  paralysis  of 
parts  of  the  nervous  system ;  if  they  die,  no  evidence  of  the 
cause  of  death  is  ascertainable  beyond  the  organic  injury  men- 
tioned. What  has  caused  their  death?  The  same  question  has 
been  asked,  and  not  yet  answered,  in  regard  to  the  death  of 
criminals  ''electrocuted,"  and  in  regard  to  "linemen"  who  fall 
from  a  pole,  shocked  by  the  electric  current.  Picture  to 
yourselves  the  amoeba,  the  little  cellular  organism,  and  recall 
the  experiments  which  demonstrated  that  with  successive  severe 
shocks  of  a  varying  current,  the  amoeba  first  assumes  a  spherical 
form,  and  then  perhaps  regains  it,  but  finally  remains,  as  the 
shock  is  increased,  without  power  of  motion.  Live  protoplasm 
has  in  short  become  dead  protoplasm  ;  the  living  animal  has 
become  a  dead  animal ;  the  effect  of  an  electric  shock  has  been 
to  deprive  the  protophism  of  the  power  of  contractility.  No 
microscopical  changes  have  been  found  in  human  beings  who 
have  been  "electrocuted."  It  is  perfectly  justifiable  to  conclude 
that  the  shock  has  deprived  organs  essential  to  life  of  their  power 
of  action.  iSuch,  it  has  seemed  to  me,  on  a  small  scale,  and  in  a 
lesser  degree,  always  consonant  with  the  vitality  of  a  part,  may 
be,  and  undoubtedly  is,  the  effect  of  a  spark,  an  effect  which, 
although  always  short  of  molecular  death,  is  accompanied  by 
profound  changes  in  its  nutritional  activity. 

Recently,  D'Arsonval  has  thrown  an  element  of  terrible  doubt 
into  the  conviction  that  most  of  us  hold,  that  electricity  kills 
the  criminal  at  our  State  "electrocutions."  The  criminal  is  not 
killed,  he  says,  but  his  physiological  functions  are  inhibited; 
that  is  to  say,  brought  to  a  standstill  by  the  action  of  the  elec- 
tricity upon  the  nerves.  The  criminal  is  not  therefore  dead,  but 
is,  as  it  were,  in  a  trance  from  which  he  maybe  resuscitated  by 
proper  measures,  and  it  is  the  surgeon's  knife  at  the  autopsy 
table  which  in  reality  kills  him. 
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He  claims  that  many  supposed  to  be  dead  from  what  appeared 
to  be  fatal  shock  have  been  revived  by  proper  measures.  There 
is  but  one  reply  to  D'Arsonval's  statement.  It  is  to  postpone 
the  autopsy  until  it  is  positive  from  the  evidence  of  decomposi- 
tion that  the  body  is  actually  dead. 

And  in  this  connection,  should  not  the  proper  measures  of 
resuscitation  be  studied  in  our  emergency  hospitals,  and  be  ap- 
plied to  linemen  and  others  who  seem  to  have  received  fatal 
shocks?  How  many  valuable  lives  have  been  saved  of  those  who 
appeared  to  be  dead  from  drowning  ?  This  phase  of  .D'Arson- 
val's statement  seems  to  me  to  be  most  worthy  of  attention  on 
the  part  of  this  society. 

The  lightning  has  again  a  chemical  eflFect,  an  effect  of  syn- 
thesis ;  it  forces  a  combination  of  O^^  the  common  oxygen  of  the 
air,  into  O^,  or  ozone,  the  odor  of  which  is  familiar  to  all  during 
the  course  of  thunder  storms,  and  while  our  influence  machine  is 
working. 

Again,  the  lightning  has  a  directly  physical  effect  in  the  fusion 
of  metals,  and  the  bearing  of  this  fact  is  mainly  interesting  to  ns 
in  establishing  the  fact  that  static  electricity  is  kinetic,  when  it 
discharges,  and  obeys  Ohm's  law,  viz. : 

C,  (current  strength)  =  — . 

The  fact  illustrates  to  us  the  ampere»  of  statical  electrization, 
while  the  mechanical  effects,  jujjt  alluded  to,  illustrate  the  volU. 
As  regards  atmospheric  electricity  more  than  one  fact  is  of 
interest  to  us.  Under  a  clear  sky  the  air  is  always  positive, 
and  increases  in  the  degree  of  its  positivity  as  we  ascend,  as  Las 
been  demonstrated  in  balloons,  while  the  earth  is  always  negative. 
Under  a  cloudy  sky,  the  conditions  vary  ;  both  the  name  of  the 
electricity  and  the  potential  vary.  Thus,  we  are  continuously 
und(  r  the  influence  of  unseen  electric  baths,  either  positive  or 
negative.  On  a  clear  day,  we  are  always  in  a  negative  bath;  on 
a  cloudy  day,  we  may  be  in  a  negative  or  in  a  positive  bath.  The 
analogy  to  the  state  of  the  patient  on  an  insulated  stool  is  obvious. 
Query:  Have  these  electrical  conditions  of  the  atmosphere  any- 
thing to  do  with  the  variations  in  our  health?  It  is  well  known 
that  those  who  suffer  from  neuralgia,  gout  and  rheumatism,  and 
spinal  cord  diseases,  and  neurasthenia,  and  nervous  ]>eople  in 
general,  feel  worse  on  a  cloudy  day,  or  better  on  a  clear  one. 
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And  since  they  are  in  their  best  health  on  fair  days,  in  other 
words,  when  negatively  electrified,  may  this  not  furnish  some 
cine  in  general  to  the  utility  of  the  electric  bath  by  insulation, 
and  particularly,  to  a  discrimination  as  to  whether  the  positive 
or  the  negative  bath  should  be  used  ?  It  would  seem  that  a  nega- 
tive insulation  would  be  indicated  in  the  diseases  named.  I 
will  say  that  I  have  found  those  who  are  susceptible  to  these 
atmospheric  changes  are  equally  susceptible  to  the  electric  bath 
by  insulation,  and  that  many  neurasthenics  are  rendered  excitable 
and  sleepless  by  the  positive  insulation,  but  are  on  the  other 
hand  soothed  by  the  negative  insulation.  This  in  general  coin- 
cides with  the  impressions  of  the  older  writers,  who  are  in  habit 
of  alluding  to  the  negative  insulation  as  *•  depressing."  These 
observations  may  teach  us  at  least  to  be  wary  of  attaching  our 
patients  indiscriminately  to  one  or  the  other  pole,  as  is  too  often 
done.  Custom  and  the  construction  of  their  machines  have  led 
many  continental  observei-s  to  use  the  negative  insulation,  while 
the  positive  is  the  more  freciuently  used  in  our  own  country. 
These  differences  in  attachment  may  have  led  to  the  different  re- 
ports as  to  the  effect  of  the  bath  itself.  While  upon  this  subject, 
I  should  say  that  there  is  objective  evidence  based  upon  the  ex- 
periments in  my  clinic  at  the  Post-graduate  Medical  School  and 
Hospital  that  the  bath  alone  will  produce  an  increase  in  the  pulse, 
a  change  in  the  temperature,  and  a  modification  of  the  quantity 
of  the  urea  and  pliosphates  excreted  in  the  twenty-four  hours. 

If  we  choose  to  attach  importance  to  the  electrical  conditions 
of  the  atmosphere,  it  is  interesting  to  note  our  position  as  human 
beings,  situated  in  a  strained  dielectric— the  air— and  near  a  con- 
ductor, the  earth.  We  may  compare  ourselves  to  a  small  spot 
in  the  glass  of  a  Leyden  jar,  near  the  tin-foil  coating.  It  can- 
not be  denied  that  we  are  subject  to  alterations  due  to  the  differ- 
ences of  strain  in  the  dielectric ;  it  is  (juite  anotlu-r  question 
whether  this  position  has  any  important  effect  upon  our  health, 
and  it  is  more  than  prolable  that  like  many  others  of  the  con- 
ditions under  which  we  live,  we  have  adapted  ourselves  by  evo- 
lution to  the  relation  which  is  said  to  be  at  the  basis  of  life,  that 
is  to  say,  the  adjustment  of  our  internal  organization  to  our 
external  surroundings. 

Can  the  human  body  itself  exhibit  statical  polarity  due  to  any 
changes  or  properties  within  it  ?  If  the  skin  is  dry,  statical  eUc- 
trification  may  be  produced  upon  the  human  body,  just  as  it  is 
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upon  that  of  a  cat,  by  friction,  but  there  is  no  evidence  that  the 
organism  itself  can  produce  statical  electricity. 

And  again,  we  may  call  up  points  in  physics  which  invest  the 
powerful  spark  of  our  influence  machine  with  a  pregnant  mean- 
ing in  relation  to  our  human  organism.     To  Galvani  is  attributed 
the  observation  that  paved  the  way  to  the  magnificent  discovery 
of  the  development  of  electricity  by  chemical  action,  but  it  is  also 
related  that  the  y^ry  first  phenomenon  which  attracted  his  atten- 
tion was  that  the  frog's  legs,  skinned  and  prepared  for  supper, 
hanging  not  far  from  where  the  spark  of  a  f rictional  machine 
was  passing,  sprung  into  contraction  at  each  spark.     Mrs.  Galvani, 
it  is  said,  by  the  way,  was  the  first  to  notice  this.     Each  spark, 
in  the  rushing  downfall  of  potential  which  made  it  possible,  let 
drop  at  the  same  instant  the  accumulated  potential  of  surroimd- 
ing  objects,  among  them  the  frog's  leg  and  its  support,  and  living 
tissue  exhibited  its  function,  that  of  conti^action.     Are  we,  as 
similar  living  tissue,  not  affected  every  time  a  spark  passes  in  onr 
neighborhood  ?     Like  the  frog's  legs,  our  organisms  constitute  an 
apparatus  capable  of  responding  to  the  ether  vibrations  of  each 
spark ;  how  susceptible  surrounding  space  is  to  the  ether  wavea 
set  up  by  the  spark,  is  little  realized.     Stretched  wires  in  the 
same  room  throb  with  each  pulsation  and  spark,  in  unison  at  each 
littl  i  break  in  their  continuity.     Nodal  points,  as  demonstrated 
by  Hertz,  may  be  found  on  these  wires,  and  the  wave  lengths 
measured  off  in  yards,  or  the  waves  may  be  focussed,  reflected, 
or  refracted.     Joseph  Henry  observing  that  a  simple  spark,  one 
inch  in  length  thrown  on  to  a  circuit  of  wire,  produced  an  induc- 
tion sufficiently  powerful  to  magnetize  needles  in  a  parallel  cir- 
cuit thirty  feet  distant,  remarks,  that  ''a  single  spark  is  suflicient 
to  disturb  perceptibly  the  electricity  of  space  throughout  at  least 
a  cube  of  400,000  feet  of  capacity." 

With  this  machine  I  have  made  a  simple  experiment,  showing 
the  far-reaching  disturbance  in  the  ether  caused  by  the  passing 
spark.  Glow  lamps,  pierced  by  a  single  conductor  may  be  laid 
about  the  room,  upon  the  floor,  upon  tables  and  suspended,  and 
as  the  spark  jumps  across  a  small  air-gap,  they  light  up  with  a 
purp'e  glow.  Edison  10-candle  power  lamps  will  answer  the 
purpose  admirably.  A  small  strip  of  tin-foil  is  fastened  around 
the  outside  of  the  bulb  by  a  rubber  band,  while  a  few  yards  of 
insulated  wire  is  similarly  attached  to  the  brass  of  the  lamp.  A 
coIKlen^er  circuit  is  thus  established.     And  had  I  here  an  influ- 
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«Dce  machine  large  enough,  we  could,  of  course,  light  up  this 
room  with  vacuum  tubes  suspended  about  it,  not  by  single  long 
sparks,  but  with  the  spark  continuously  crossing  a  small  air-gap, 
as  I  used  it  in  demonstrating  my  condenser  currents  in  1880. 
These  are  the  effects  that  Tesla  has  demonstrated  upon  a  mag- 
nificent scale.  But  they  may  be  repeated  on  a  lesser  scale  with 
the  electrostatic  machine,  particularly  the  brush  discharge  and 
the  yacuum  glows.  They  are  cited  here  merely  to  show  us  that 
the  electrostatic  machine  is,  as  I  have  mentioned,  in  reality  a  high 
frequency,  high  potential  current.  It  is  the  spark  that  is  the 
key-note  to  these  efEects ;  we  do  not  even  need  an  artificial  con- 
denser like  the  Leyden  jar ;  the  objects  about,  furnish  the  elec- 
tric capacity,  and  the  impulsive  rush  of  their  discharge  cause  the 
phenomena  in  the  space  about. 

It  is  evident  that  the  principal  effect  of  the  spray  and  the  spark 
is  exerted  upon  the  nervous  system.  Motor  nerves  stimulated 
by  a  spark,  cause  muscular  contraction,  and  thus  the  entire  mus- 
cular mass  of  the  body  is  set  into  movement,  causing  quickened 
flow  in  the  blood  vessels  and  increased  health  of  the  muscle,  and 
that  while  shunning  the  electrolytic  or  chemically  decomposing 
effects  of  galvanic  currents. 

The  sensory  nerves,  particularly  those  of  the  skin,  are  stimu- 
lated, and  exert  upon  the  nerve  centres  a  remarkable  influence 
by  throwing  in  upon  them  their  impulses,  due  to  their  peripheral 
excitation.  The  circulation  is  also  quickened  by  direct  action 
upon  the  nerves  which  supply  the  blood  vessels ;  there  is  dilata- 
tion of  the  cutaneous  vessels,  so  that  the  patient  experiences  a 
glow  of  warmth,  a  moderate  and  often  an  extreme  perspiration, 
And  on  the  whole  a  pleasant  reaction  similar  to  that  following  the 
bath,  or  moderate  exercise  in  the  open  air.  The  normal  pulse  is 
usually  raised  from  five  to  fifteen  beats,  but  the  pulse  of  disease 
is  raised  if  slow,  and  slowed  if  fast.  As  a  result  of  extended 
observations  upon  the  temperature,  I  have  deduced  this  law, 
which,  1  think,  will  stand  the  test  of  further  observations  for  the 
spray,  viz.:  that  a  nonnal  temperature  ip  slightly  raised ;  that  a 
temperature  below  normal  is  raised  to  normal ;  that  a  tempera- 
ture above  normal  is  lowered.  These /changes  in  the  temperature 
average  from  one  to  two  degrees  Fahrenheit.  My  researches, 
not  yet  published  in  detail,  show  that  the  spray  produces,  or  tends 
to  produce  a  normal  i*ate  in  both  pulse  and  temperature. 


.  I . 
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Alternating  Currents  of  High  Potential  and  High 
Frequency,  viz.  :  Tesla's  Apparatus  and  Currents. 
"Rapidly   Alternating    Electrostatic   Stresses." 

It  is  cLaracteristic  of  alternating  currents,  that  their  ener^  is 
manifested,  not  so  mucli  in  the  wire,  as  in  the  space  surrounding 
it,  and  the  greater  the  frequency  and  the  potential,  the  more  ex- 
tensive do  some  of  the  phenomena  outside  of  the  wire  become. 
In  this  space,  energized  by  the  aUernating  current  traversing  the 
wire,  may  he  exhibited  by  the  aid  of  proper  devices  arranged  to 
capture  and  transform  the  electric  energy,  liglit,  heat,  mechanical 
motion  and  chemical  action  ;  lamps  glow,  metals  fuse,  motors  are 
caused  to  spin,  and  chemicals  to  combine.  And  this  space  around 
the  current  conveying  wire  is  not  narrowed  to  minute  fractions  of 
an  inch,  but  may  be  measured  in  yards.  Here  is  a  field  of  force 
within  whose  influence  a  patient  may  be  readily  brought.  Such 
»•  field  would  be  termed  an  alternating  electrostatic  field ;  it  is 
most  marked  around  the  terminals  of  a  secondary  coil  whose 
primary  is  conveying  an  alternating  current.  It  is  the  same  field 
as  that  associated  with  the  spark  discharges  of  electrostatic  ma- 
chines, and  even  in  a  lesser  degree  with  our  best  constructed 
medical  induction  coils,  as  I  have  shown  by  glow  lamp  tests  ap- 
plied to  them. 

The  electrostatic  field  was  indeed  familiar  to  all ;  but  in  a  feeble 
and  minor  degree.  In  medicine  it  has  been  a  prominent  feature 
of  administrations  from  the  influence  machine  in  both  simple 
insulation  of  the  patient,  in  the  spark,  and  more  particularly  in 
my  own  method  of  the  static  induced  or  interrupted  current,  and 
has  been  in  medical  use  in  cormection  with  that  machine.  But 
80  far  as  relates  to  induction  coils,  little  or  no  account  has  been 
taken  of  the  electrostatic  properties  of  the  current.  Our  atten- 
tion has  been  wholly  occupied,  as  has  been  that  of  the  electrical 
engineers,  with  the  current  in  the  wire,  and  not  with  properties 
of  this  current — the  electrostatic  field  outside  of  it. 

But  in  induction  coils  affording  high  frequency,  high  po- 
tential currents,  for  instance,  from  hand  to  hand,  it  must  now 
be  noted  that  we  have  to- deal  with  two  effects — Ist.  The  effect 
of  the  direct  passage  of  the  current  through  the  body,  and  :  2nd, 
the  lateral,  surging,  wave  impulses  spreading  out  in  every  di- 
rection from  the  passing  current.  The  former  of  these  effect* 
alone  has  hitherto  claimed  attention.     That  the  latter  eflFects  now 
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claim  atteution  alike  in  the  industries  and  in  medicine  is  due  to 
the  wonderful  experiments  of  Nikola  Tesla.  We  have,  as  he 
modestly  says,  the  same  apparatus,  the  induction  coil,  and  the  same 
phenomena,  only  the  apparatus  is  operated  differently,  and  the 
phenomenS  are  presented  in  a  different  aspect.  So  different 
indeed  is  the  aspect  of  the  phenomena  that  the  entire  scientific 
world  hails  their  presentation  as  a  revelation. 

Mr.  Tesla's  lirst  publication  was  in  the  Electrical  Worlds  of 
Feb.  21,  1891,  under  the  title  of  ''Phenomena  of  Alternating 
Currents  of  very  High  Frequency."  Referring  to  effects  upon 
the  human  body  he  writes,  "  the  discharge  of  even  a  very  large 
coil  cannot  produce  seriously  injurious  effects,  whereas,  if  the 
Bame  coil  were  operated  with  a  current  of  lower  frequency, 
though  the  e.  m.  f.  would  be  much  smaller,  the  discharge  would 
be  most  certainly  injurious."  The  writer's  experiences  tend  to 
show  that  the  higher  the  freciuency  the  greater  the  amount  of 
electrical  energy  which  may  be  ])as6ed  through  the  boc'y  with- 
out serious  discomfort." 

TAs  Tesla  Apparatus, — Mr.  Tesla  obtains  the  high  frecjuency 
mechanically,  and  by  the  aid  of  a  well  known  natural  pheno- 
menon— mechanically  by  a  specially  constructed  dynamo  mac  hine 
giving  a  frequency  of  about  1(>,000  per  second,  and  naturally, 
by  aid  of  the  intensely  rapid  alternating  or  oscillating  discharge 
of  Leyden  jars  or  condensers.  The  latter  carry  the  frecpiency 
up  to  anywhere  from  500,000  to  l,500,0uo  alternations  per  second. 
Low  frequency  may,  however,  be  employed  when  the  condensers 
are  in  the  secondary  circuit. 

How  important  an  element  the  Leyden  jar  may  be  in  in- 
creasing f re(iuency  both  in  the  electrostatic  phenomena  of  the 
influence  machine  already  in  medical  use,  and  in  the  Tesla  appa- 
ratus, may  be  judged  of  from  a  calculation  of  Dr.  Oliver  J.Lodge 
that  a  common  pint  Leyden  jar  discharged  through  an  ordinary 
discharging  rod  will  possess  a  rate  of  oscillation  equal  to  about 
ten  million  per  second. 

Mr.  Tesla's  high  potential  is  due  to  the  frequency  and  to  "step 
up"  transformation  by  coils.  It  consists  practically  of  a  high 
frequency  dynamo  whose  current  enters  a  primary  wire,  a 
secondary  wire  within  whose  circuit  is  included  a  condenser  and 
discharging  rods,  and  again  a  coil  to  which  a  part  of  the  secondary 
wire  acts  as  a  primary. 


58U  MORTON  ON  ELECTRICITY  IN  MEDIC fXE,  /vl', 

.Sept.  30, 

AlTKUXATINO      Cl'RKKNTS      of       IIkJII       PoTKXTr.V'  ^^h  ^^  ^^^ 

FKKt^i'ENCY,    VIZ. :     Tksla's    Apparatis 

''Rapidly    Altkrnatino    Electkostatk  ,         .     . 

.inak  or  in  the 

It  is  (characteristic  of  alternating  current  • 

manifested,  not  so  much  in  tlie  wire,  its  »       'i  alternating  current 
it.  and  the  «rreater  the  frequency  and  t'     -ia  obtains  remarkable 
tensive  do  some  of  the  phenomena 
In  this  space,  energized  by  the  altc 

wire,  may  be  exhibited  by  the  aid    ^^rranged  parallel  and  near  to 
capture  and  transform  the  elect-     nii^y  illuminated  by  streams  of 
motion  and  chemical  action  ;  ^     ./ie^other.     The  brush  led  from  a 
caused  to  spin,  and  chemical   ...in  diameter,  to  a  small  brass  sphere, 
the  current  conveying  wire   .^.;,^^^  <>f  ligli^j  or  again,  concentrated 
an  inch,  but  may  be  mea     '^iil^  intensifies  the  light, 
within  whose  inHuence      r«W  respectively  30  and  ^0  centimetres 
ft- field  would  be  ter     ;?^:^ circular  luminous  sheet  is  pnxhiced. 
most  marked   arou'    /  :;iW^ecuIar  or  atomic  vibration  chaiigi's  llie 
primary  is  convey'   .r:%troi^  purplish  to  white, 
as  that  associate''    /^Jnf^  the  molecules  of  air  al 
chines,  and   c    ^^y-^^^.  and  give  rise  to  the  light. 
medical  indr    ^^^,  ^lotor  connected  to  one  terminal  wire  only  of 

plied  to  th»     '-fi^" 

The  elf        J     ■  n  of  exhauste<l  bulbs  or  lam ps  contai ninir  a  refrac- 
and  min  iP^^akd  within  them,  and  when  attached  oiilv  to 

of  adu 
insulp 


>out  the  terminals 


f'^' '   ^::a.^*^ 


has         S'-^Z,»trk'  Mnbardment. 
ISO  t^     .  0{  carbon,  diamond,  pumice-stone  and  carbornnJum 

^^  ^'^aJ    To  protect  the  leading-in  wire  from  the  effects  of 

*  ^     Vj^xiiwenl^  a  screen  aluminium  tube  nuiy  be  used,  which 

^    i^jix)statically  by    reason   of   its   conductivity,    and   also 
^^     L-IIv:    the    screen,   bccominti:   char^^ed,  economizes  tbu 
^^^^^yppHed  to  the  bulb  by  not  taking  it  uj)  after  it  is  once 
•"*^j     Agai<^>^l^^  same  exhausted  bulbs  are  illuminated  with- 
.  *^  vTaiil  of  a  leadinjc-in  wire,  the  enerijv  reciuired  bein<r  trans- 

j^^  thnmgh  the  glass. 
[  ^  ,     f 0  i^-"^*^^^*-'  vacuum  tubes  throughout  the  whide  extent  of  a 

^'  *     lighting  up  the  tube  whenever  it  is  held  in  sj)ace,  and  at  a 

ofy  from  t\ie  comUictor,  the  intense  electrostatic  field  is  set 


N 

*  V 


« 


o       ^> 


TON  ON  ELECTRICITY  IN  MEDICINE,  589 
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■  too  great  to  excite  the  nerves,  or  again,  that  the 
iS  generated   does  not  penetrate  the  conductor,  but 
only  its  snrface.     An  explanation  wonld  seem  to  me  to 
.  the  current  strength  of  what  seems  to  be  a  killing  current 
inparatively  small,  since  it  is  reduced  enormously  by  each 
dtep   up"    transformation.      Hut   other   explanations  are   ad- 
vanced. 

In  the  immunity  from  pain  and  muscular  contraction  observed 
by  U'Arsonval  with  a  low  frequency  and  a  current  strength  of  5 
amperes,  another  explanation  must  be  sought  for,  and  this  is  the 
comparatively  gradual  rise  and  fall  of  potential  characteristic  of 
the  sinusoidal  current,  and  physiologically  vastly  different  in  its 
effects  from  the  impulsive  rush  of  the  condenser  currents  of 
Tesla  and  myself.  D' Arson val's  high  rate  of  frequency  is  ob- 
tained from  an  alternator  and  from  induction  coils,  and  con- 
densers. 

Whatever  effects  are  to  be  obtained  from  Tesla  currents  must 
be  obtained : 

a.  By  the  direct  passage  of  the  current  through  the  person. 
J.  By  this  means,  and  by  taking  into  account  the  lateral  elec- 
trostatic surgings  outward  from  this  direct  current. 

c.  By  interposing  the  patient  within  the  rapidly  alternating 
electrostatic  stresses  constituting  the  field  between  the  terminals, 
and  yet  not  in  contact  with  them. 

Electro-dynamic  induction  effects  need  not  probably  be  taken 
into  account. 

The  extended  physiological  effects  of  the  Tesla  currents  have 
yet  to  be  investigated,  since  no  apparatus  has  been  available  to 
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The  Tesla  effects,  as  they  are  now  frequently  termed,  are  ob- 
tained : 

a.  By  direct  connection  with  both  terminals. 

h.  In  the  space  intervening  between  the  terminals,  or  in  the 
space  about  either  one  singly.  • 

Uning  the  apparatus  above  described  with  alternating  current 
dynamos  of  low  or  high  frequency,  Tesla  obtains  remarkable 
effects.     Among  them  may  be  noted : 

a.  The  bnish  discharge. 

"With  two  cotton  covered  wires^arranged  parallel  and  near  to 
one  another,  the  wires  are  strongly  illuminated  by  streams  of 
flame,  spreading  from  one  to  the_,other.  The  brush  led  from  a 
circle  of  wire,  30  centimetres  in  diameter,  to  a  small  brass  sphere, 
is  formed  into  a  beautiful  cone  of  light,  or  again,  concentrated 
upon  small,  thin  wires,  greatly  intensifies  the  light. 

With  two  circles  of  wire,  respectively  30  and  bO  centimetres 
in  diameter,  a  continuous  circular  luminous  sheet  is  produced. 

An  increase  of  the  molecular  or  atomic  vibration  changes  the 
color  of  the  discharges  from  purplish  to  white. 

In  these  experiments,  the  molecules  of  air  about  the  terminals 
are  intensely  agitated,  and  give  rise  to  the  light. 

h.  notation  of  a  motor  connected  to  one  terminal  wire  only  of 
the  coil. 

c.  Illumination  of  exhausted  bulbs  or  lamps  containing^  a  refrac- 
tory substance  sealed  within  them,  and  when  attached  only  to 
one  teriiiinal  of  the  coil,  the  molecular  bombardment  within 
the  Imlb  incandesce  uses  the  refractory  substance,  and  emits  light 
Su3li  substances  are  fused,  disintegrated  and  dissipated  by  the  in- 
tense electric  bombardment. 

Buttons  of  carbon,  diamond,  pumice-stone  and  carborundum 
were  used.  To  protect  the  leading-in  wire  from  the  effects  of 
the  bombardment,  a  screen  aluminium  tube  may  be  used,  which 
acts  electrostatically  by  reason  of  its  conductivity,  and  also 
mechanically;  the  screen,  becoming  charged,  economizes  the 
energy  supplied  to  the  bulb  by  not  taking  it  up  after  it  is  once 
<;harged.  Again,  the  same  exhausted  bulbs  are  illuminated  with- 
out the  aid  of  a  leading-in  wire,  the  energy  required  being  trans- 
mitted through  the  glass. 

d.  To  excite  vacuum  tubes  throughout  the  whole  extent  of  a 
room,  lighting  up  the  tube  wherever  it  is  held  in  space,  and  at  a 
distance  from  the  conductor,  the  intense  electrostatic  field  is  set 
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up  by  converting  tlie  oscillatory  current  of  a  condenser  to  a  liiglier 
potential.  Such  a  field  Mr.  Tesla  establishes  between  two  sheets 
of  metal  several  yards  in  area  and  several  yards  apart.  A  vacuum 
tube  held  within  the  space  between  the  metal  sheets,  glows  in- 
tensely. 

It  becomes  an  interesting  question  to  determine  to  what  ex- 
tent high  potential,  high  frequency  currents  may  be  of  value  in 
medicine.  The  shock  from  the  secondary  coils  above  de8cril>ed 
are  very  light  and  can  be  taken  without  inconvenience.  This  to 
many  has  seemed  remarkable  on  account  of  the  very  high  voltage. 
Much  speculation  has  been  indulged  in  as  to  why  these  currents 
do  not  produce  great  muscular  contraction,  and  great  pain,  and 
dangerous  results.  It  has  been  suggested  that  the  rapidity  of  the 
alternations  is  too  great  to  excite  the  nerves,  or  again,  that  the 
current  thus  generated  does  not  penetrate  the  conductor,  but 
traverses  only  its  surface.  An  explanation  would  seem  to  me  to 
be  that  the  current  strength  of  what  seems  to  be  a  killing  current 
is  comparatively  small,  since  it  is  reduced  enormously  by  each 
"step  up"  transformation.  But  other  explanations  are  ad- 
vanced. 

In  the  immunity  from  pain  and  muscular  contraction  observed 
by  D' Arson  val  with  a  low  frequency  and  a  current  strength  of  5 
amperes,  another  explanation  must  be  sought  for,  and  this  is  the 
comparatively  gradual  rise  and  fall  of  potential  characteristic  of 
the  sinusoidal  current,  and  physiologically  vastly  different  in  its 
effects  from  the  impulsive  rush  of  the  condenser  currents  of 
Tesla  and  myself.  D'Arsonval's  high  rate  of  frequency  is  ob- 
tained from  an  alternator  and  from  induction  coils,  and  con- 
densers. 

Whatever  effects  are  to  be  obtained  from  Tesla  currents  must 
be  obtained : 

a.  By  the  direct  passage  of  the  current  through  the  person. 

J.  By  this  means,  and  by  taking  into  account  the  lateral  elec- 
trostatic surgings  outward  from  this  direct  current. 

c.  By  interposing  the  patient  within  the  rapidly  alternating 
electrostatic  stresses  constituting  the  field  between  the  terminals, 
and  yet  not  in  contact  with  them. 

Electro-dynamic  induction  effects  need  not  probably  be  taken 
into  account. 

The  extended  physiological  effects  of  the  Tesla  currents  have 
yet  to  be  investigated,  since  no  apparatus  has  been  available  to 
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physicians  or  physiologists,  but  judging  from  the  powerful  effects 
upon  human  beings  of  the  currents  of  electrostatic  machines 
whose  output  is  more  feeble  in  total  energy,  even  if  equal  in  po- 
tential, these  currents  seem  to  me  to  promise  most  interesting  and 
most  fruitful  results. 

We  can  in  our  imagination  picture  a  future  group  of  patients 
pursuing  any  agreeable  occupation,  reading,  conversing,  playing 
games,  and  so  on,  in  a  room  whose  two  opposite  walls  are  of  metal 
connected  to  the  two  terminals  of  a  Tesla  apparatus,  and  thus 
submitted  to  a  furious  molecular  bombardment  in  the  intervening 
space.  We  can  imagine  the  surprise  of  the  new  comers,  as  they  see 
the  vacuum  tubes  carried  in  their  hands  burst  into  a  glow  of  light 
when  they  are  brought  within  the  influence  of  the  magical  and 
invisible  stream.  We  know  that  their  temperatures  would  be 
raised  by  the  bombardment,  and  we  cannot  help  believing,  though 
awaiting  the  proof,  that  j)rofound  alterations  in  their  nutritional 
processes  would  be  produced,  whose  influence  would  be  far 
reaching  in  the  cure  of  disease,  j)articularly  of  the  functional 
type. 

Eliiiu  Thomson's  High  Frequency,  High  Potential  Currents. 

Thomson  Apparatus. 

Professor  Thomson's  apparatus  consisted  of  an  alternating 
machine  having  loO  armature  coils  and  capable  of  producing 
8,00()  alternations  per  second.  This  machine  was  placed  at  the 
disposal  of  Dr.  Edw.  Tatuni.  of  Yonkers,  N.  Y.,  and  he  conducted 
extensive  physiological  experiments  with  it,  bearing  upon  the 
action  of  high  tension  currents  upon  animal  life. 

Dr.  Tatum's  work  upon  the  physiological  effects  of  high 
frequency  currents  embodied  in  a  letter  to  Professor  Thomson, 
December  29,  1890,  and  published  May,  1891,  deserves  much 
higher  recognition  than  it  has  received,     lie  established  : 

1.  That  the  fatal  effects  of  alternating  currents  upon  animals 
was  in  inverse  ratio  to  the  frequency. 

2.  That  the  cause  of  pain,  which  limits  voluntary  toleration, 
lies  chit'fly  in  the  muscular  contraction  produced. 

3.  That  the  cutaneous  nerves  were  distinctly  less  painfully 
affected  at  the  high  rate. 

4.  That  the  vital  mechanism  was  not  excited  at  the  high  rate 
even  at  a  pressure  of  fifteen  volts,  so  as  to  cause  a  sensation  of 
flames  of  light ;  although  two  or  three  volts  similarly  applied  at 
120  alternations,  caused  such  flashes  very  energetically. 
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5.  That  tlie  sensation  of  vertigo,  i)roduccd  by  the  low  rate,  was 
lot  produced  by  the  high. 

6.  That  sensations  of  taste  were  absent  to  the  high  rates. 

7.  That  exposed  motor  nerves  of  frogs  were  less  excitable  to 
lie  high  than  to  the  low  rate. 

Sinusoidal  Currents, 
d'absonval's  high  potential,  high  fbequency  currents. 

Starting  from  this  fundamental  fact,  that  when  a  current  passes 
hrough  the  human  organism  the  excitations  are  due  to  variations 
n  its  strength,  D'Arsonval  iirst  studied  the  effects  of  a  single 
^ave  of  known  form,  and  then  the  effects  of  periodic  waves. 
For  careful  physiological  investigation  his  first  form  of  apparatus 
^as  an  alternating  dynamo  without  iron,  capable  of  furnishing 
10,00' »  alternations  ])er  second.  The  current  thus  produced  was 
>a8sed  through  the  primiiry  of  an  induction  coil,  having  no  iron 
;ore.  With  low  frequencies  neither  pain  nor  muscular  contrac- 
;ion  was  produced,  but  the  current  thus  generated  increased  the 
iissue  absorption  of  oxygen  and  the  excretion  of  carbonic  acid, 
[t  also  acted  as  a  sedative  to  pain. 

He  next  adopted  the  method  involving  the  continuous  dis- 
charge of  sparks  between  the  discharging  rods  of  a  powerful 
Ruhmkorff  coil  connecting  two  Leyden  jars  to  each  terminal 
yy  their  interior  tin-foil  coatings  and  connecting  their  outer  coat- 
ings by  a  thick  copper  wire  solenoid  of  from  fifteen  to  twenty 
iums.  A  wire  led  off  from  each  end  of  the  solenoid  furnished 
;he  currents  for  his  experiments  in  extreme  frequency. 

When  the  Ruhmkorff  coil  was  replaced  by  an  alternating 
lynamo,  D'Arsonval  sent  through  his  body  a  current  of  more 
;han  three  amperes  without  inconvenience,  except  for  some  feel- 
ing of  heat  in  the  hands. 

The  phenomena  observed  were  : 

1.  No  effect  upon  the  organs  of  feeling. 

2.  No  muscular  contraction. 

3.  Diminution  of  the  sense  of  pain. 

4.  Dilatation  of  the  blood  vessels. 
6.  Increased  perspiration. 

6.  Increased  tissue  change,  manifested  by  increased  absorption 
of  oxygen  and  increased  elimination  of  carbonic  acid. 
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7.  No  increase  of  bodily  temperature. 

The  fact  that  when  the  number  of  oscilliations  is  extremely 
high,  there  iti  no  excitation  of  the  nerves  and  muscles,  D'Arpon- 
▼al  communicated  to  the  Biological  Society,  February  24  and 
April,  1891. 

D'Arsonvid's  view  is,  that  the  nerves  and  their  centres,  if  not  all 
of  the  tissues,  respond  only  to  excitations  of  a  certain  frequency, 
and  that,  therefore,  if  these  currents  fail  to  t^xcite  pain  or  con- 
traction, it  is  because  their  periods  do  not  coincide  with  the  periodi 
of  the  nerves,  producing  pain  and  contraction. 

The  changes  in  the  human  body  above  described,  are  of  great 
value  in  electro-therapeutics.  Their  practical  application  demands 
an  increase  in  the  size  of  the  ordinary  electrodes,  best  met,  prob- 
ably, by  using  water  as  in  a  bath. 

High  Poikntial,  High  Frequency  Currents  From  an  Influ- 
ence Machink  and  Condensers,  viz.,  Morton  Currents. 

In  view  of  the  interest  which  is  now  being  attached  to  current* 
of  a  high  rate  of  frequency  and  the  methods  of  their  production, 
the  writer  asks  your  forbearance  in  reading  a  brief  quotation 
upon  this  subject,  from  an  article  by  himself,  "  On  Statical 
Electro-therapeutics  or  Treatment  of  Disease  by  Franklinism,'' 
read  before  the  New  York  Academy  of  Medicine,  March  3, 1881, 
and  printed  in  the  N.  Y.  Medical  Record^  April  12,  1881. 

"  A  NEW  INDUCTION  CURRENT  IN  MEDICAL  ELECTRICITY. 

"  Thus  far,  in  describing  the  methods  of  administering  static 
"  electricity  for  medical  purposes  from  the  induction  electrical 
'*  machine,  I  have  confined  myself  to  what  has  been  previously 
"  known  on  the  subject.  The  three  main  methods  of  administra- 
"tion  up  to  the  present  time  have  been  by  insulation,  by  sparks, 
"  and  by  shocks. 

^*  I  now  venture  to  add  a  fourth  method,  that  of  the  induced 
"  current  produced  by  static  electricity,  and  capable,  like  the 
"currents  induced  by  magnets  and  the  voltaic  circuit,  of  causing 
"physiological  tetanus.  In  other  words,  by  a  simple  arrange- 
"  ment,  the  f rictional  machine  may  be  converted  into  a  machine 
"which  >vill  do  all  the  work  of  the  best  faradic  machine." 

"  We  thus  have  at  command  in  a  f rictional  machine  all  of 
"faradism,  in  addition  to  the  static  electricity;  for  working  pur- 
"  poses  we  have  all  the  advantages  of  both  systems." 
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"  Taking  the  Iloltz  macliine  as  it  stands,  tlie  change  may  be 
"  quickly  effected.  We  remove  the  connecting-bar  between  the 
"two  outer  coatings  of  our  Leyden  jars,  connect  ordinary  con- 
"  ducting  wires  and  wet-sponge  electrodes  to  each  cuter  coaling 
"respectively,  and,  finally,  connect  the  ty:o  inner  coatings  by  the 
"discharging  rod.  The  patient,  of  course,  need  not  now  be  in- 
"  Bulated.  As  soon  as  the  machine  is  set  in  motion  and  the  con- 
"  densers  are  tilled,  the  discharging  rod  may  be  drawn  out  a  very 
"  small  fraction  of  an  inch,  and  at  once  a  current  is  felt  between 
"  the  two  sponge  electrodes,  which  in  its  general  characteristics 
"cannot  be  distinguiehed  from  the  ordinary  faradic  current. 
"  Owing  to  its  very  high  tension,  however,  it  is  necessary  to  have 
"the  handles  of  the  electrodes  well  insulated  and  free  from  metal 
"  points,  in  order  to  avoid  the  tine  prickling  sparks  which  pass 
"  mto  the  hands  of  the  operator.  It  is  soft  and  agreeable,  and 
"accompanied  by  no  shock.  This  current  is  not  to  be  con- 
"  founded  with  the  series  of  discharges  taking  place  between  the 
"  inner  coatings  of  the  jars.  This  latter,  in  silent  current  forms, 
"  produces  no  muscular  contractions  or  sensations  of  any  kind. 
"  In  slight  repeated  discharges  it  is  too  painful  to  be  borne.  A 
"superhcial  trial  shows  one  difference  in  favor  of  the  static- 
"  induced,  as  compared  with  the  galvano  or  magneto-induced 
"  current.  The  static-induced  both  produces  more  efficient  con- 
"  tractions  and  gives  less  pain  to  the  patient,  where  pain  would 
"be  produced  by  any  of  the  three.  With  it  the  whole  motor 
"  apparatus  of  the  body  may  be  called  in  action  at  its  several 
"points,  nerves  stimulated  and  other  effects  produced,  just  as 
"  with  faradism." 

"The  current  may  be  regulated  to  a  nicety  by  means  of  the 
"  discharging-rod,  ranging  from  an  almost  imperceptible  tingle 
"  up  to  extreme  and  rigid  flexion  of  the  arms,  should,  for  in- 
"  stance,  the  electrodes  be  held  in  the  hands." 

"This,  then,  is  an  entirely  new  current  in  medicine,  and  it  is 
"  not  a  little  curious  that  with  all  the  experience  with  frictional 
"machines,  it  should  have  remained  undiscovered  up  to  the 
"  present  day." 

And  again : 

"  This  current  is  more  agreeable  in  its  administration  than 
"  ordinary  induction  currents ; "  "  it  has  a  record  yet  to  make." 

The  writer  continued  his  experiments  with  currents  from  in- 
fluence machines  with  no  further  publication  in  the  SO's,  than  a 
few  lines  by  Dr.  Ambrose  L.  Ilannc^y,  in  his  "  Static  Electricity 
in   Medicine,"    published   in   1887,  in  which  he  writes:    "Dr. 

"  Morton  has  also  been  experimenting  of  late  upon  the  effects  of 
"deriving  curients  from  a  helix  of  insulated  wire  wound  upon 
"  each  of  the  Leyden  jars  of  a  Holtz  induction  machine." 
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He  claims  that  many  supposed  to  be  dead  from  what  appeared 
to  be  fatal  shock  have  been  revived  by  proper  measures.  There 
is  but  one  reply  to  D'Arsonval's  statement.  It  is  to  postpone 
the  autopsy  until  it  is  positive  from  the  evidence  of  decomposi- 
tion that  the  body  is  actually  dead. 

And  in  this  connection,  should  not  the  proper  measures  of 
resuscitation  be  studied  in  our  emergency  hospitals,  and  be  ap- 
plied to  linemen  and  others  who  seem  to  have  received  fatal 
shocks?  How  many  valuable  lives  have  been  saved  of  those  who 
appeared  to  be  dead  from  drowning  ?  This  phase  of  .D'Areon- 
val's  statement  seems  to  me  to  be  most  worthy  of  attention  on 
the  part  of  this  society. 

The  lightning  has  again  a  chemical  effect,  an  effect  of  syn- 
thesis ;  it  forces  a  combination  of  O^^  the  common  oxygen  of  the 
air,  into  O3,  or  ozone,  the  odor  of  which  is  familiar  to  all  during 
the  course  of  thunder  storms,  and  while  our  influence  machine  ig 
working. 

Again,  the  lightning  has  a  directly  physical  effect  in  the  fusion 
of  metals,  and  the  bearing  of  this  fact  is  mainly  interesting  to  ns 
in  establishing  the  fact  that  static  electricity  is  kinetic,  when  it 
discharges,  and  obeys  Ohm's  law,  viz. : 

C,  (current  strength)  =  -^^ 

The  fact  illustrates  to  us  the  amperes  of  statical  electrization, 
while  the  mechanical  effects,  just  alluded  to,  illustrate  the  vdU. 
As  regards  atmospheric  electricity  more  than  one  fact  is  of 
interest  to  us.  Under  a  clear  sky  the  air  is  always  i)ositive, 
and  increases  in  the  degree  of  its  ])ositiv^ity  as  we  ascend,  as  has 
been  demonstrated  in  balloons,  while  the  earth  is  alwavs  nesrative. 
Under  a  cloudy  sky,  the  conditions  vary;  both  the  name  of  the 
electricity  and  the  potential  vary.  Thus,  we  are  continuously 
undir  the  influence  of  unseen  electric  baths,  either  positive  or 
negative.  On  a  clear  day,  we  are  always  in  a  negative  bath;  on 
a  cloudy  day,  we  may  be  in  a  negative  or  in  a  positive  bath.  The 
analogy  to  the  state  of  the  patient  on  an  insulated  stool  is  obvious. 
Query,  Have  these  electrical  conditions  of  the  atmosphere  any- 
thing to  do  with  the  variations  in  our  health?  It  is  well  known 
that  tliose  who  suffer  from  neuralgia,  gout  and  rheumatism,  and 
spinal  cord  diseases,  and  neurasthenia,  and  nervous  ]>eople  in 
general,  feel  worse  on  a  cloudy  day,  or  better  on  a  clear  one. 
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And  since  they  are  in  their  best  health  on  fair  days,  in  other 
words,  when  negatively  electrified,  may  this  not  furnish  some 
chie  in  general  to  the  utility  of  the  electric  bath  by  insulation, 
and  particularly,  to  a  discrimination  as  to  whether  the  positive 
or  the  negative  bath  should  be  used  ?  It  would  seem  that  a  nega- 
tive insulation  would  be  indicated  in  the  diseases  named.  I 
will  say  that  I  have  found  those  who  are  susceptible  to  these 
atmospheric  changes  are  equally  susceptible  to  the  electric  bath 
by  insulation,  and  that  many  neurasthenics  are  rendered  excitable 
and  sleepless  by  the  positive  insulation,  but  are  on  the  otlier 
hand  soothed  by  the  negative  insulation.  This  in  general  coin- 
cides with  the  impressions  of  the  older  writers,  who  are  in  habit 
of  alluding  to  the  negative  insulation  as  ''  depressing."  These 
observations  may  teach  us  at  least  to  be  wary  of  attaching  our 
patients  indiscriminately  to  one  or  the  other  pole,  as  is  too  often 
done.  Custom  and  the  construction  of  their  machines  have  led 
many  continental  observers  to  use  the  negative  insulation,  while 
the  positive  is  the  more  frequently  used  in  our  own  country. 
These  differences  in  attachment  mav  have  led  to  the  different  re- 
ports  as  to  the  effect  of  the  bath  itself.  While  upon  this  subject, 
I  should  say  that  there  is  objectiv^e  ev^idence  based  upon  the  ex- 
periments in  my  clinic  at  the  Post-graduate  Medical  School  and 
Hospital  that  the  bath  alone  will  produce  an  increase  in  the  pulse, 
a  change  in  the  temperature,  and  a  modification  of  the  quantity 
of  the  urea  and  phosphates  excreted  in  the  twenty-four  hours. 

If  we  choose  to  attach  importance  to  the  electrical  conditions 
of  the  atmosphere,  it  is  interesting  to  note  our  position  as  human 
beings,  situated  in  a  strained  dielectric— the  air— and  near  a  con- 
ductor, the  earth.  We  may  compare  ourselves  to  a  small  spot 
in  the  glass  of  a  Leyden  jar,  near  thu  tin-foil  coating.  It  (jan- 
not  be  denied  that  we  are  subject  to  alterations  due  to  the  differ- 
ences of  strain  in  the  dielectric;  it  is  quite  another  question 
whether  this  position  has  any  important  effect  upon  our  health, 
and  it  is  more  than  prolable  that  like  many  others  of  the  con- 
ditions under  which  we  live,  we  have  adapted  ourselves  by  evo- 
lution to  the  relation  which  is  said  to  be  at  the  basis  of  life,  that 
is  to  say,  the  adjustment  of  our  internal  organization  to  our 
external  surroundings. 

Can  the  human  body  itself  exhibit  statical  polarity  due  to  any 
changes  or  properties  within  it  ?  If  the  skin  is  dry,  statical  elec- 
trification may  be  produced  upon  the  human  boJy,  just  as  it  is 
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npon  that  of  a  cat,  by  friction,  but  there  is  no  evidence  that  the 
organism  itself  can  produce  statical  electricity. 

And  again,  we  may  call  up  points  in  physics  which  invest  the 
powerful  spark  of  our  influence  machine  with  a  pregnant  mean- 
ing in  relation  to  our  human  organism.     To  Galvani  is  attributed 
the  observation  that  paved  the  way  to  the  magnificent  discovery 
of  the  development  of  electricity  by  chemical  action,  but  it  is  also 
related  that  the  very  first  phenomenon  which  attracted  his  atten- 
tion was  that  the  frog's  legs,  skinned  and  prepared  for  supper, 
hanging  not  far  from  wliere  the  spark  of  a  frictional  machine 
was  passing,  sprung  into  contraction  at  each  spark.     Mrs.  Galvani, 
it  is  said,  by  the  way,  was  the  first  to  notice  this.     Each  spark, 
in  the  rushing  downfall  of  potential  which  made  it  possible,  let 
drop  at  the  same  instant  the  accumulated  potential  of  surronnd- 
ing  objects,  among  them  the  frog's  leg  and  its  support,  and  living 
tissue  exhibited  its  function,  that  of  contraction.     Are  we,  aa 
similar  living  tissue,  not  affected  every  time  a  spark  passes  in  onr 
neighborhood  ?     Like  the  frog's  legs,  our  organisms  constitute  an 
apparatus  capable  of  responding  to  the  ether  vibrations  of  each 
spark ;  how  susceptible  surrounding  space  is  to  the  ether  waves 
set  up  by  the  spark,  is  little  realized.     Stretched  wires  in  the 
same  room  throb  with  each  pulsation  and  spark,  in  unison  at  each 
littl  5  break  in  their  continuity.     Nodal  points,  as  demonstrated 
by  Hertz,  may  be  found  on  these  wires,  and  the  wave  lengths 
measured  off  in  yards,  or  the  waves  may  be  focussed,  reflected, 
or  refracted.     Joseph  Henry  observing  that  a  simple  spark,  one 
inch  in  length  thrown  on  to  a  circuit  of  wire,  produced  an  induc- 
tion sufficiently  powerful  to  magnetize  needles  in  a  parallel  cir- 
cuit thirty  feet  distant,  remarks,  that  '*  a  single  spark  is  sufficient 
to  disturb  perceptibly  the  electricity  of  space  throughout  at  least 
a  cube  of  400,000  feet  of  capacity." 

With  this  machine  1  have  made  a  simple  experiment,  showing 
the  far-reaching  disturbance  in  the  ether  caused  by  the  passing 
spark.  Glow  lamps,  pierced  by  a  single  conductor  may  be  laid 
about  the  room,  upon  the  floor,  upon  tables  and  suspended,  and 
as  tlie  spark  jumps  across  a  small  air-gap,  they  light  up  with  a 
purp'e  glow.  Edison  10-candle  power  lamps  will  answer  the 
purpose  admirably.  A  small  strip  of  tin-foil  is  fastened  around 
the  outside  of  the  bulb  by  a  rubber  band,  while  a  few  yards  of 
insulated  wire  is  similarly  attached  to  the  brass  of  the  lamp.  A 
condenser  circuit  is  thus  established.     And  had  I  here  an  influ- 
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«nce  machine  large  enough,  we  could,  of  course,  light  up  this 
room  with  vacuum  tubes  suspended  about  it,  not  by  single  long 
fiparks,  but  with  the  spark  continuously  crossing  a  small  air-gap, 
■as  I  used  it  in  demonstrating  my  condenser  currents  in  1880. 
These  are  the  effects  that  Tesla  has  demonstrated  upon  a  mag- 
nificent scale.  But  they  may  be  repeated  on  a  lesser  scale  with 
the  electrostatic  machine,  particularly  the  brush  discharge  and 
the  vacuum  glows.  They  are  cited  here  merely  to  show  us  that 
the  electrostatic  machine  is,  as  I  have  mentioned,  in  reality  a  high 
frequency,  high  potential  current.  It  is  the  spark  that  is  the 
keynote  to  these  effects ;  we  do  not  even  need  an  artificial  con- 
denser like  the  Leyden  jar;  the  objects  about,  furnish  the  elec- 
tric capacity,  and  the  impulsive  rush  of  their  discharge  cause  the 
phenomena  in  the  space  about. 

It  is  evident  that  the  principal  effect  of  the  spray  and  the  spark 
is  exerted  upon  the  nervous  system.  Motor  nerves  stimulated 
by  a  spark,  cause  muscular  contraction,  and  thus  the  entire  mus- 
cular mass  of  the  body  is  set  into  movement,  causing  quickened 
flow  in  the  blood  vessels  and  increased  health  of  the  muscle,  and 
that  while  shunning  the  electrolytic  or  chemically  decomposing 
-•ffects  of  galvanic  currents. 

The  sensory  nerves,  particularly  those  of  the  skin,  are  stimu- 
lated, and  exert  upon  the  nerve  centres  a  remarkable  influence 
by  throwing  in  upon  them  their  impulses,  due  to  their  peripheral 
excitation.  The  circulation  is  also  quickened  by  direct  action 
upon  the  nerves  which  supply  the  blood  vessels ;  there  is  dilata- 
tion of  the  cutaneous  vessels,  so  that  the  patient  experiences  a 
glow  of  warmtli,  a  moderate  and  often  an  extreme  perspiration, 
And  on  the  whole  a  pleasant  reaction  similar  to  that  following  the 
bath,  or  moderate  exercise  in  the  open  air.  The  normal  pulse  is 
usually  raised  from  five  to  fifteen  beats,  but  the  pulse  of  disease 
is  raised  if  slow,  and  slowed  if  fast.  As  a  result  of  extended 
observations  upon  the  temperature,  I  have  deduced  this  law, 
which,  1  think,  will  stand  the  test  of  further  observations  for  the 
spray,  viz.:  that  a  nonnal  temperature  is  slightly  raised ;  that  a 
temperature  below  normal  is  raised  to  normal ;  that  a  tempera- 
ture above  normal  is  lowered.  These  .changes  in  the  temperature 
average  from  one  to  two  degrees  Fahrenheit.  My  researches, 
not  yet  published  in  detail,  show  that  the  spray  produces,  or  tends 
to  produce  a  normal  rAto,  in  both  pulse  and  temperature. 


/^.  I. 
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Alternating  Currents  of  High  Potential  and  High 
Frequency,  viz.  :  Tesla's  Apparatus  and  Currejtts. 
"Rapidly   Alternating    Electrostatic   Stresses." 

It  is  cLaracteristic  of  alternating  currents,  that  their  energy  is 
manifested,  not  so  mucli  in  the  wire,  as  in  the  space  surrounding 
it,  and  the  greater  the  frequency  and  the  potential,  the  more  ex- 
tensive do  some  of  the  phenomena  outside  of  the  wire  become. 
In  this  space,  energized  by  the  alternating  current  traversing  the 
wire,  may  l)e  exhibited  by  the  aid  of  proper  devices  arranged  to 
capture  and  transform  the  electric  energy,  light,  heat,  mechanical 
motion  and  chemical  action  ;  lamps  glow,  metals  fuse,  motors  are 
caused  to  spin,  and  chemicals  to  combine.  And  this  space  around 
the  current  conveyiuij:  wire  is  not  narrowed  to  minute  fractions  of 
an  inch,  but  mav  be  measured  in  yards  Here  is  a  field  of  force 
within  whose  infiuence  a  patient  may  be  readily  brought.  Such 
a- field  would  be  termed  an  alternating  electrostatic  field ;  it  is 
most  marked  around  the  terminals  of  a  secondary  coil  whose 
primary  is  conveying  an  alternating  current.  It  is  the  same  tielJ 
as  that  associated  with  the  spark  discharges  of  electrostatic  ma- 
chines, and  even  in  a  lesser  degree  with  our  best  constructed 
medical  induction  coils,  as  I  have  shown  by  glow  lamp  tests  ap- 
plied to  them. 

The  electrostatic  field  was  indeed  familiar  to  all ;  but  in  a  feeble 
and  minor  degree.  In  medicine  it  has  been  a  prominent  feature 
of  administrations  from  the  influence  machine  in  both  simple 
insulation  of  the  patient,  in  the  spark,  and  more  particularly  in 
my  own  method  of  the  static  induced  or  interrupted  current, and 
has  been  in  medical  use  in  connection  with  that  machine.  But 
so  far  as  relates  to  induction  coils,  little  or  no  account  has  been 
taken  of  the  electrostatic  properties  of  the  current.  Our  atten- 
tion has  been  wholly  occupied,  as  has  been  that  of  the  electrical 
engineers,  with  the  current  in  the  wire,  and  not  with  properties 
of  this  current — the  electrostatic  field  outside  of  it. 

But  in  induction  coils  affording  high  frequency,  high  })0- 
tential  currents,  for  instance,  from  hand  to  hand,  it  must  now 
be  noted  that  we  have  to  deal  with  two  effects — Ist.  The  effect 
of  the  direct  passage  of  the  current  through  the  body,  and  :  2nd, 
the  lateral,  surging,  wave  impulses  spreading  out  in  every  di- 
rection from  the  passing  current.  The  former  of  these  effects 
alone  liaB  hitherto  claimed  attention.     That  the  latter  effects  now 
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claim  attention  alike  in  the  industries  and  in  medicine  is  due  to 
the  wonderful  experiments  of  Nikola  Tesla.  We  have,  as  he 
modestly  says,  the  same  apparatus,  the  induction  coil,  and  the  same 
phenomena,  only  the  apparatus  is  operated  differently,  and  the 
phenomenS  are  presented  in  a  different  aspect.  So  different 
indeed  is  the  aspect  of  the  plienomena  that  the  entire  scientific 
world  hails  their  presentation  as  a  revelation. 

Mr.  Tesla's  first  puhlication  was  in  the  HJectrical  Worlds  of 
Feb.  21,  1891,  under  the  title  of  ''Phenomena  of  Alternating 
Currents  of  very  High  Frequency.""  licferring  to  effects  upon 
the  human  body  he  writes, ''  the  discharge  of  even  a  very  large 
coil  cannot  produce  seriously  injurious  effects,  whereas,  if  the 
same  coil  were  operated  with  a  current  of  lower  frequency, 
though  the  e.  m.  f.  would  be  much  smaller,  the  discharge  would 
be  most  certainly  injurious."  The  writer  s  experiences  tend  to 
show  that  the  higher  the  frequency  the  greater  the  amount  of 
electrical  energy  which  may  be  passed  through  the  bof'y  with- 
out serious  discomfort." 

Ths  Tesla  Apparatus, — Mr.  Tesla  obtains  the  high  fre(|uency 
mechanically,  and  by  tlie  aid  of  a  well  known  natural  pheno- 
menon— mechanicallv  bv  a  special Iv  constructed  dynamo  ma(  hine 
giving  a  frequency  of  about  lo,000  per  second,  and  naturally, 
by  aid  of  the  intensely  rapid  alternating  or  oscillating  discharge 
of  Leyden  jars  or  condensers.  The  latter  carry  the  frecpiency 
up  to  anywhere  from  500,000  to  1,500,000  alternations  per  second. 
Low  frequency  may,  however,  be  employed  when  the  condensers 

are  in  the  secondary  circuit. 

« 

How  important  an  element  the  Leyden  jar  may  be  in  in- 
creasing frequency  both  in  the  electrostatic  phenomena  of  the 
influence  machine  already  in  medical  use,  and  in  the  Tesla  appa- 
ratus, may  be  judged  of  from  a  calculation  of  Dr.  Oliver  J.Lodge 
that  a  common  pint  Leyden  jar  discharged  through  an  ordinary 
discharging  rod  will  possess  a  rate  of  oscillation  equal  to  about 
ten  million  per  second. 

Mr.  Tesla's  high  potential  is  due  to  the  frequency  and  to  "step 
up "  transformation  by  coils.  It  consists  practically  of  a  high 
frequency  dynamo  whose  current  enters  a  primary  wire,  a 
secondary  wire  within  whose  circuit  is  included  a  condenser  and 
discharging  rods,  and  again  a  coil  to  which  a  part  of  the  secondary 
wire  acts  as  a  primary. 
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The  Tesla  effects,  as  they  are  now  frequently  termed,  are  ob- 
tained : 

a.  By  direct  connection  witli  botli  terminals. 

h.  In  the  space  intervening  betweenthe  terminals,  or  in  the 
space  about  either  one  singly.  • 

Using  the  apparatus  above  described  with  alternating  cnrrent 
dynamos  of  low  or  high  frequency,  Tesla  obtains  remarkable 
effects.     Among  them  may  be  noted : 

a.  The  bnish  discharge. 

With  two  cotton  covered  wires^arranged  parallel  and  near  to 
one  another,  the  wires  are  strongly  illuminated  by  streams  of 
flame,  spreading  from  one  to  the^other.  The  brush  led  from  a 
circle  of  wire,  30  centimetres  in  diameter,  to  a  small  brass  sphere, 
is  formed  into  a  beautiful  cone  of  light,  or  again,  concentrated 
upon  small,  thin  wires,  greatly  intensifies  the  light. 

With  two  circles  of  wire,  respectively  30  and  80  centimetrea 
in  diameter,  a  continuous  circular  luminous  sheet  is  produced. 

An  increase  of  the  molecular  or  atomic  vibration  changes  the 
color  of  the  discharges  from  purplish  to  white. 

In  these  experiments,  the  molecules  of  air  about  the  terminals 
are  intensely  agitated,  and  give  rise  to  the  light. 

h.  notation  of  a  motor  connected  to  one  terminal  wire  only  of 
the  coil. 

c.  Illumination  of  exhausted  bulbs  or  lamps  containin^r  a  refrac- 
tory substance  sealed  within  them,  and  when  attached  only  to 
one  terniinal  of  the  coil,  the  molecular  bombardment  within 
the  Imlb  incandescenses  the  refractory  substance,  and  emits  light. 
Su3h  substances  are  fused,  disintegrated  and  dissipated  by  the  in- 
tense electric  bombardment. 

Buttons  of  carbon,  diamond,  pumice-stone  and  carborundnm 
were  used.  To  protect  the  leading-in  wire  from  the  effects  of 
the  bombardment,  a  screen  aluminium  tube  may  be  used,  which 
acts  electrostatically  by  reason  of  its  conductivity,  and  also 
mechanically;  the  screen,  becoming  charged,  economizes  the 
energy  supplied  to  the  bulb  by  not  taking  it  up  after  it  is  once 
charged.  Again,  the  same  exhausted  bulbs  are  illuminated  with- 
out the  aid  of  a  leading-in  wire,  the  energy  required  being  trans- 
mitted through  the  glass. 

d.  To  excite  vacuum  tubes  throughout  the  whole  extent  of  a 
room,  lighting  up  the  tube  wherever  it  is  held  in  space,  and  at  a 
distance  from  the  conductor,  the  intense  electrostatic  field  is  set 
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up  by  converting  tlie  oscillatory  current  of  a  condenser  to  a  higher 
potential.  Such  a  field  Mr.  Tesla  establishes  between  two  sheets 
of  metal  several  yards  in  area  and  several  yards  apart.  A  vacuum 
tube  held  within  the  space  between  the  metal  sheets,  glows  in- 
tensely. 

It  becomes  an  interesting  question  to  determine  to  what  ex- 
tent high  potential,  high  frequency  currents  may  be  of  value  in 
medicine.  The  shock  from  the  secondary  coils  above  descril>ed 
are  very  light  and  can  be  taken  without  inconvenience.  This  to 
many  has  seemed  remarkable  on  account  of  the  very  high  voltage. 
Much  speculation  has  been  indulged  in  as  to  why  these  currents 
do  not  produce  great  muscular  contraction,  and  great  pain,  and 
dangerous  results.  It  has  been  suggested  that  the  rapidity  of  the 
alternations  is  too  great  to  excite  the  nerves,  or  again,  that  the 
current  thus  generated  does  not  penetrate  the  conductor,  but 
traverses  only  its  surface.  An  explanation  would  seem  to  me  to 
be  that  the  current  strength  of  what  seems  to  be  a  killing  current 
is  comparatively  small,  since  it  is  reduced  enormously  by  each 
"step  up"  transformation.  But  otiier  explanations  are  ad- 
vanced. 

In  the  immunity  from  pain  and  muscular  contraction  observed 
by  U' Arson val  with  a  low  frequency  and  a  current  strength  of  5 
amperes,  another  explanation  must  be  sought  for,  and  this  is  the 
comparatively  gradual  rise  and  fall  of  potential  characteristic  of 
the  sinusoidal  current,  and  physiologically  vastly  different  in  its 
effects  from  the  impulsive  rush  of  the  condenser  currents  of 
Tesla  and  myself.  D' Arson vaVs  high  rate  of  frequency  is  ob- 
tained from  an  alternator  and  from  induction  coils,  and  con- 
densers. 

Whatever  effects  are  to  be  obtained  from  Tesla  currents  must 
be  obtained : 

a.  By  the  direct  passage  of  the  current  through  the  person. 

h.  By  this  means,  and  by  taking  into  account  the  lateral  elec- 
trostatic surgings  outward  from  this  direct  current. 

c.  By  interposing  the  patient  within  the  rapidly  alternating 
electrostatic  stresses  constituting  the  field  between  the  terminals, 
and  yet  not  in  contact  with  them. 

Electro-dynamic  induction  effects  need  not  probably  be  taken 
into  account. 

The  extended  physiological  effects  of  the  Tesla  currents  have 
yet  to  be  investigated,  since  no  apparatus  has  been  available  to 
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physicians  or  physiologists,  but  judging  from  the  powerful  effects 
upon  human  beings  of  the  currents  of  electrostatic  machines 
whose  output  is  more  feeble  in  total  energy,  even  if  equal  in  po- 
tential, these  currents  seem  to  me  to  promise  most  interesting  and 
most  fruitful  results. 

We  can  in  our  imagination  picture  a  future  group  of  patients 
pursuing  any  agreeable  occupation,  reading,  conversing,  playing 
games,  and  so  on,  in  a  room  whose  two  opposite  walls  are  of  metal 
connected  to  the  two  terminals  of  a  Tesla  apparatus,  and  thus 
submitted  to  a  furious  molecular  bombardment  in  the  intervening 
space.   We  can  imagine  the  surprise  of  the  new  comers,  as  they  see 
the  vacuum  tubes  carried  in  their  hands  burst  into  a  glow  of  light 
when  they  are  brought  within   the  influence  of  the  magical  and 
invisible  stream.     We  know  that  their  temperatures  would  be 
raised  by  the  bombardment,  and  we  cannot  help  believing,  though 
awaiting  the  proof,  tliat  profound  alterations  in  their  nutritional 
processes  would    be    produced,  whose  influence  would  be  far 
reaching  in  the  cure   of   disease,  particularly   of   the   functional 
type. 

Elihu  Thomson's  High  Frequency,  High  Potential  Currentb. 

Thomson  Apparatus. 

Professor  Thomson's  apparatus  consisted  of  an  alternating 
machine  having  100  armature  coils  and  capable  of  producing 
8,000  alternations  per  second.  This  machine  was  placed  at  the 
disposal  of  Dr.  Edw.  Tatum.  of  Yonkers,  N.  Y.,  and  he  conducted 
extensive  physiological  experiments  with  it,  bearing  upon  the 
action  of  high  tension  currents  upon  animal  life. 

Dr.  Tatum's  work  upon  the  physiological  effect^s  of  high 
frequency  currents  embodied  in  a  letter  to  Professor  Thomson, 
December  29,  181)0,  and  published  May,  1891,  deserves  much 
higher  recognition  than  it  has  received.     He  established  : 

1.  That  the  fatal  effects  of  alternating  currents  upon  animals 
was  in  inverse  ratio  to  the  frequency. 

2.  That  the  cause  of  pain,  which  limits  voluntary  toleration, 
lies  chii'fly  in  the  muscular  contraction  produced. 

3.  That  the  cutaneous  nerves  were  distinctly  less  painfully 
affected  at  the  high  rate. 

4.  That  the  vital  mechanism  was  not  excited  at  the  high  rate 
even  at  a  pressure  of  flfteen  volts,  so  as  to  cause  a  sensation  of 
flames  of  light ;  although  two  or  three  volts  similarly  applied  at 
120  alternations,  caused  such  flashes  very  energetically. 
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5.  That  the  sensation  of  vertigo,  produced  by  the  low  rate,  was 
lot  produced  by  the  high. 

6.  That  sensations  of  taste  were  absent  to  the  high  rates. 

7.  That  exposed  motor  nerves  of  frogs  were  less  excitable  to 
he  high  than  to  the  low  rate. 

Sinusoidal  Currents, 
d'arsonval's  high  potential,  high  frequency  cukrents. 

Starting  from  this  fundamental  fact,  that  when  a  current  passes 
hrough  the  human  organism  the  excitations  are  due  to  variations 
n  it«  strength,  D'Arsonval  iirst  studied  the  effects  of  a  single 
vave  of  known  form,  and  then  the  effects  of  periodic  waves. 
?or  careful  physiological  investigation  his  first  form  of  apparatus 
vas  an  alternating  dynamo  without  iron,  capable  of  furnishing 
.0,00<>  alternations  })er  second.  The  current  thus  produced  was 
)assed  through  the  primary  of  an  induction  coil,  having  no  iron 
jore.  With  low  frequencies  neither  pain  nor  muscular  contrac- 
iioii  was  produced,  but  the  current  thus  generated  increased  the 
issue  absorption  of  oxygen  and  the  excretion  of  carbonic  acid. 
[t  also  acted  as  a  sedative  to  pain. 

He  next  adopted  the  method  involving  the  continuous  dis- 
jharge  of  sparks  between  the  discharging  rods  of  a  powerful 
Ruhmkorff  coil  connecting  two  Ley  den  jars  to  each  terminal 
>y  their  interior  tin-foil  coatings  and  connecting  their  outer  coat- 
ngs  by  a  thick  copper  wire  solenoid  of  from  fifteen  to  twenty 
;um8.  A  wire  led  off  from  each  end  of  the  solenoid  furnished 
;he  currents  for  his  experiments  in  extreme  frequency. 

When  the  Euhmkorff  coil  was  re])laced  by  an  alternating 
iynamo,  D'Arsonval  sent  through  his  body  a  current  of  more 
;han  three  amperes  without  inconvenience,  except  for  some  feel- 
ing of  heat  in  the  hands. 

The  phenomena  observed  were  : 

1.  No  effect  upon  the  organs  of  feeling. 

2.  No  muscular  contraction. 

3.  Diminution  of  the  sense  of  pain. 

4.  Dilatation  of  the  blood  vessels. 
6.  Increased  perspiration. 

6.  Increased  tissue  change,  manifested  by  increased  absorption 
of  oxygen  and  increased  elimination  of  carbonic  acid. 
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7.  No  increase  of  bodily  temperature. 

The  fact  that  wlien  the  number  of  oscilliations  is  extremely 
high,  there  is  no  excitation  of  the  nerves  and  muscles,  D'Arwn- 
▼al  communicated  to  the  Biological  Society,  February  24  and 
April,  1891. 

D'Arsonval's  view  is,  that  the  nerves  and  their  centres,  if  not  all 
of  the  tissues,  respond  only  to  excitations  of  a  certain  frequency, 
and  that,  therefore,  if  these  currents  fail  to  excite  pain  or  con- 
traction, it  is  because  their  periods  do  not  coincide  with  the  periodi 
of  the  nerves,  producing  pain  and  contraction. 

The  changes  in  the  human  body  above  described,  are  of  great 
▼ahie  in  electro-therapeutics.  Their  practical  application  demandB 
an  increase  in  the  size  of  the  ordinary  electrodes,  best  met,  prob- 
ably, by  using  water  as  in  a  bath. 

High  Potential,  High  Frequency  Cukrents  From  an  Influ- 
ence Machink  and  Condensers,  viz.,  Morton  Currents. 

In  view  of  the  interest  which  is  now  being  attached  to  currents 
of  a  high  rate  of  frequency  and  the  methods  of  their  production, 
the  writer  asks  your  forbearance  in  reading  a  brief  quotation 
upon  this  subject,  from  an  article  by  himself,  "  On  Statical 
Electro-therapeutics  or  Treatment  of  Disease  by  Franklinism,'^ 
read  before  the  New  York  Academy  of  Medicine,  March  3, 1881, 
and  printed  in  the  iT.   Y,  Medical  Record^  April  12,  1881. 

"  A  NEW  INDUCTION  CURRENT  IN  MEDICAL  ELECTRICITY. 

"  Thus  far,  in  describing  the  methods  of  administering  static 
"  electricity  for  medical  purposes  from  the  induction  electrical 
*^  machine,  I  have  confined  myself  to  what  has  been  previously 
"known  on  the  subject.  The  three  main  methods  of  administra- 
"tion  up  to  the  present  time  liave  been  by  insulation,  by  sparks, 
"  and  by  shocks. 

"  I  now  venture  to  add  a  fourth  method,  that  of  the  huluced 
"  current  produced  by  static  electricity,  and  capable,  like  the 
"currents  induced  by  magnets  and  the  voltaic  circuit,  of  causing 
"physiological  tetanus.  In  other  words,  by  a  simple  arrange- 
"  ment,  the  f rictional  machine  may  be  converted  into  a  machine 
"which  will  do  all  the  work  of  the  best  faradic  machine." 

"We  thus  have  at  command  in  a  f rictional  machine  all  of 
"faradism,  in  addition  to  the  static  electricity;  for  working  pur- 
"  poses  we  have  all  the  advantages  of  both  systems." 
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"  Taking  the  Holtz  machine  as  it  stands,  the  change  may  be 
"  quickly  effected.  We  remove  the  connecting-bar  between  the 
"two  miter  coatings  of  our  Leyden  jars,  connect  ordinary  con- 
"  ducting  wires  and  wet-sponge  electrodes  to  each  cuter  coaling 
"respectively,  and,  finally,  connect  the  two  inner  coatings  by  the 
"  discharging  rod.  The  patient,  of  course,  need  not  now  be  in- 
"sulated.  As  soon  as  the  machine  is  set  in  motion  and  the  con- 
"  densers  are  filled,  the  discharging  rod  may  be  drawn  out  a  very 
*'  email  fraction  of  an  inch,  and  at  once  a  current  is  felt  between 
"  the  two  sponge  electrodes,  which  in  its  general  characteristics 
"cannot  be  distinguished  from  the  ordinary  faradic  current. 
"  Owing  to  its  very  high  tension,  however,  it  is  necessary  to  have 
"the  handles  of  the  electrodes  well  insulated  and  free  from  metal 
"  points,  in  order  to  avoid  the  fine  prickling  sparks  which  pass 
"  mto  the  hands  of  the  operator.  It  is  soft  and  agreeable,  and 
"accompanied  by  no  shock.  This  current  is  not  to  be  con- 
"  founded  with  the  series  of  discharges  taking  place  between  the 
"  inner  coatings  of  the  jars.  This  latter,  in  silent  current  forms, 
"  produces  no  muscular  contractions  or  sensations  of  any  kind. 
"In  slight  repeated  discharges  it  is  too  painful  to  be  borne.  A 
"superhcial  trial  shows  one  difference  in  favor  of  the  etatic- 
"  induced,  as  compared  with  the  galvano  or  magneto-induced 
"  current.  The  static-induced  both  produces  more  efficient  con- 
"  tractions  and  gives  less  pain  to  the  patient,  where  pain  would 
"  be  produced  by  any  of  the  three.  With  it  the  whole  motor 
"apparatus  of  the  body  may  be  called  in  action  at  its  several 
"points,  nerves  stimulated  and  other  effects  produced,  just  as 
"  with  faradism." 

"The  current  may  be  regulated  to  a  nicety  by  means  of  the 
"  discharging-rod,  ranging  from  an  almost  imperceptible  tingle 
"  Bp  to  extreme  and  rigid  flexion  of  the  arms,  should,  for  in- 
"  stance,  the  electrodes  be  held  in  the  hands." 

"This,  then,  is  an  entirely  new  current  in  medicine,  and  it  is 
"  not  a  little  curious  that  with  all  the  experience  with  frictional 
"machines,  it  should  have  remained  undiscovered  up  to  the 
"  present  day." 

And  again : 

"  This  current  is  more  agreeable  in  its  administration  than 
"  ordinary  induction  currents ; "  ''  it  has  a  record  yet  to  make." 

The  writer  continued  his  experiments  with  currents  from  in- 
fluence machines  with  no  further  publication  in  the  SO's,  than  a 
few  lines  by  Dr.  Ambrose  L.  Ranncy,  in  his  "  Static  Electricity 
in   Medicine,"    published   in   1887,  in  which  he  writes:    "Dr. 

"Morton  ha^  also  been  experimenting  of  late  upon  the  effects  of 
"  deriving  currents  from  a  helix  of  insulated  wire  wound  upon 
"  each  of  the  Leyden  jars  of  a  Holtz  induction  machine." 
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But  on  December  2, 1890,  he  read  an  extended  paper  npon  thu 
high  frequency,  high  potential  current,  before  the  New  York 
Neurological  Society  (published  in  the  New  York  JUedical 
Record  oi  January  24,  1891),  giving  a  second  description  of  the 
apparatus  and  an  account  of  the  current's  physical  and  physiolo- 
gical properties  and  its  medical  applications. 

Of  the  apparatus  it  was  said,  "That  the  circuit-breaker  is  a 
^'  pair  of  adjustable  metallic  ball  electrodes,  introduced  at  any 
*'  point  of  the  circuit,  having  a  narrow  air  space  between  the  balls; 
^*  the  circuit '  makes '  when  a  small  spark  overcomes  the  resistance 
^'  of  the  intervening  air,  and  '  breaks '  when  it  fails  to  do  bo,  and 
*'the  current  is  due  to  rapidly  successive  equalizations  of  the 
^*  diflferencee  of  potential' of  oppositely  charged  condensers." 
"  The  circuit-breaker  serves : 
"  1.  To  afford  time  to  the  condensers  to  charge." 
"  2    To  regulate  the  frequency  of  the  discharge." 
"  3.  To  determine  the  strength  of  the  current.     This  latter  may 
"  be  varied  at  will  and  with  the  utmost  nicety,  from  a  just  per- 
**  ceptible  to  a  most  powerful  effect." 

'^The  spark  circuit-breaker  now  practically  represents  the 
*^  vibrator  m  the  primary  of  an  induction  coil ;  the  specific  indu^ 
"  tive  capacity  of  the  air  replacing  the  spring  and  its  magnetic 
attractability,  and  I  use  it  as  in  that  example  and  in  the  same 
relations,  i.^.,  to  interrupt  the  primary  current  and  by  reason  of 
an  interrupted  primary  to  obtain  a  secondary  current.  Each 
*^  impulse  in  itself  consists  of  a  vast  number  and  range  of  oscilla- 
*^  tions  or  alternations  (of  one  hundred  millions,  for  instance,  per 
*'  second)  and,  we  may  doubtless  willingly  concede  that  a  current, 
"  whose  physical  propertiesso  positively  differ  from  other  cur- 
**  rents,  must  possess  equally  positive  and  differing  physiolgical 
^*  properties." 

The  following  diagram,  among  many  others,  was  used  to  illus- 
trate the  condenser  current,  called  at  that  time  by  the  writer  the 
*^  static  induced  current."     [l^ig-  5.] 

And  of  the  current  it  was  said,  '*  In  the  franklinic  interrupted 
"or  static  induced  current,  each  impulse  consists  of  a  series  of 
^'alternating  opposite  currents  of  almost  inconceivable  rapidity. 
'^  Joseph  Henry  discovered  that  each  discharge  of  a  Levden  jar 
**  was  oscillatory  in  character,  not  a  single  transfer  of  electricity 
from  one  side  of  a  jar  to  another.  In  making  his  original  state- 
ment, he  wrote,  there  is  '  a  principal  discharge  in  one  direction, 
"and  then  several  reflex  actions  backward  and  forward,  each 
**  more  feeble  than  the  preceding,  until  the  equilibrium  is  ob- 
^'tained.'  Ilis  discovery  was  corroborated,  and  the  theory  of  it 
"  worked  out  by  Sir  William  Thomson,  Fedderson,  Helmholtz, 
"  Schiller  and  others.  As  now  stated  by  eminent  physicists,  the 
**  number  of  alternations  iq  each  spark  is  from  one  hundred  thou- 
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sand  to  one  handred  million  per  second,  according  to  the 
capacity  and  inertia  of  the  circuit.  Induction  coils  have  been 
constructed,  giving  eight  thousand  vibrations  per  second ;  two 
hundred  per  second  is  probably  an  average  of  the  medical  far- 
radic  coil.  We  cannot,  therefore,  compare  the  franklinic  inter- 
rupted current  to  such  coils." 

"  For  computing  the  spark  interruption  to  be  at  least  two 
hundred  per  second,  and  the  oscillations  of  each  spark  to  be 
one  hundred  millions  per  second,  we  have  a  current  giving 
twenty  billions  alternations  per  second.  Vast  as  such  a  number 
may  seem  to  our  minds,  familiar  with  two  hundred  vibrations 
per  second,  it  pales  before  the  desideratum  expressed  by  Prof- 
essor  Elihu  Thomson,  who  said  in  a  recent  lecture,  '  What  is 
needed  is  a  machine  having  an  alternating  current  making  five 
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Fig.  5.     Static  Induced  Current.  Circuit  of  a  Holtz  Machine 
with  or  without  CondenserB. 

a.  Rotating  plate ;  b.  b,  collecting  combs ;  <r,  f ,  prime  conductors ; 
</,  </,  discharge  rods  ;  <•,  r,  Leyden  jars  ;  /,  /^  conducting  cords ;  ^,  ^,  sponge 
or  other  electrodes.  Person,  condenser,  and  circuit-breaker,  in  same  circuit, 
connecting-rod  between  condensers  removed,  and  discharginf^-rods  of  machine 
serving  as  circuit-breaker  ;  but  ihe  cu-cuit-breaker  is  in  the  pniiary  circuit,  and 
the  person  in  the  secondary.  The  make  and  break  in  the  primary  is  accom- 
panied with  a  current  in  the  secondary. 

hundred  trillions  of  vibrations  per  second,  which  would  produce 
many  wonderful  results.'  If,  then,  I  were  to  be  asked  how  the 
franklinic  current  differs  from  the  ordinary  faradic  coil,  I 
should  replv,  that  this  one  diflference  of  rate  of  alternations 
alone  placed  the  two  far  apart.  But,  it  may  be  urged,  the  cur- 
rent of  the  induction  coil  is  far  greater  than  that  of  the  influ- 
ence machine  in  Quantity.  This  is,  of  course,  true.  But  at  this 
point  in  favor  oftne  franklinic  interrupted  comes  in  the  element 
of  time.  *  The  motor  nerve,'  says  iJuBois  Reymond,  *  is  not 
stimulated  by  the  absolute  density  of  the  current  density  at  any 
given  moment,  but  by  variations  from  one  instant  to  the  other, 
and  the  effect  produced  by  these  rapid  changes,  increases  with 
their  rapidity  and  their  greatness  in  a  given  time.'     Tlius,  in 
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"the  great  rapidity  of  the  alternating  (oscillating)  currents  of  the 
"sparK  discharge,  particularly  in  rapid  series  as  in  the  franklinic 
"  interrupted,  we  find  the  reason,  despite  smallness  in  quantity, 
"for  accomplishing  work  in  producing  nerve  and  mnscle  stimu- 
"  lation,  equal  at  least  to  the  comparatively  slow  discharge  of  the 
"  interrupted  galvanic,  or  the  slowly  oscillating  induction  coil" 

"  I  have  at  least  made  it  clear,  I  trust,  that  the  new  current  is 
''strongly  differentiated  from  the  galvanic  or  faradic  currents, 
"  and  taking  into  account  its  enormous  voltage  or  pressure  of 
"  53,000  per  linear  centimetre,  viz.,  its  power  of  overcoming  re- 
"  sistance  in  the  human  body  conductor,  and  its  other  character- 
"istics  as  above  pointed  out,  we  have  a  right  to  expect  in  it« 
*'  medical  applications  physiological  effects  differing  from  thoee 
"  of  the  other  electric  currents  thus  far  brought  into  medical  use." 

**  Among  other  purely  physical  experiments  I  have  made,  I 
"  will  mention  that  it  proauces  a  loud  and  clear  sound  in  a  tele- 
"  phone  resembling  the  sounds  made  by  an  induction  coil." 

"  Clinical  Properties  and  Medical  Uses  of  tlie  Franldim 
"  Interrupted  Current, — Since  we  are  dealing  with  a  current  and 
"  not  a  spark,  and  with  the  familiar  sponge  or  metallic  electrodes, 
"  we  may  invade  the  entire  field  traversed  by  galvanism  and 
'*  faradism,  and  ascertain  for  ourselves  such  differences  and  simi- 
"  larities  as  may  exist.*' 

''  Applied  to  a  motor  point,  the  franklinic  interrupted  current 
"  produces  most  vivid  and  persistent  muscular  contraction  with,  a 
^^  ininimu7n  of  pain;  applied  farther  back  on  the  trunk  of  a 
"  motor  nerve  it  throws  large  groups  of  muscles  into  contraction. 
"  The  contraction  is  pecMliaiiy  painless  as  compared  with  that 
"  of  faradic  colls,  and  the  znfluence  is  remarkably  diffusive, 
"  Accompanying  a  contraction  of  a  large  group  of  muscles  is  a 
*'  peculiar  sensory  sensation  of  lightness  and  buoyancy  of  the 
"  member.  The  painlessnexs,  diffu}<iveness  and  buoyancy  may 
"  all  be  experienced  by  holding  tlie  two  electrodes  in  the  hands, 
"  and  taking  a  current  as  strong  as  ])08sible.  Most  people  will 
*'  readily  submit  to  flexions  successively  at  the  wrists,  elbows, 
*'  and  even  to  the  shoulders,  before  insisting  upon  taking  no 
"  more.  The  arms  during  the  passage  of  the  current  feel  as  if 
"  made  of  cork,  and  this  feeling  of  liglitness  persists  for  some 
*'  time.  The  quality  of  the  current  is  such,  that  while  energeti- 
•'  cally  exciting  the  motor  function  of  the  nerve-filaments,  it  fails 
"  to  excite  or  may  even  annul,  to  an  extent,  the  sensation  of 
"  muscular  pain.  Its  penetrating,  diffusive,  painless  effect,  with 
"  strong  muscular  contractions,  adapt  it  admirably  to  general 
"  application  over  the  entire  body  as  an  electric  in  place  of  an 
"  ordinary  massage." 

"  It  is,  of  course,  applicable  to  every  form  of  muscular  para- 
"  lysis,  for  there  is  no  practical  stimulus  to  nerve  and  muscle  ex- 
"  cept  the  electric,  and  none  more  energetic  than  this  form 
"of  it." 
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"  Its  effects  upon  the  Hallerian  irritability  of  the  muscular 
^'  tissue  nesessarily  includes  an  effect  upon  the  local  circulation 
**  of  a  jpart  and  upon  the  lymphatics,  and  to  this  may  doubtless 
"  be  referred  many  clinical  results  of  relief,  as  in  lumbago  and 
"  all  forms  of  muscular  rheumatism,  subacute  and  chronia  rheu- 
"  matic  affecti  >ns  of  the  joints,  ovarian  or  pelvic  pain,  sciatica  or 
"  other  neuralgias." 

"  The  second  prominent  characteristic  of  this  current  is  its 
"  power  of  relieving  pain.  Leaving  out  of  sight  the  part,  be  it 
"  more  or  less,  played  by  circulatory  changes  referred  to,  in  this 
"  respect  there  seems  to  exist  a  specific  analgesic  quality  in  the 
*'  current.  The  cotton  feeling  in  the  hands,  and  subjective  sense 
"  of  buoyancy  in  the  arms,  is  in  itself  an  evidence  of  this.  But 
•Hhe  effect  upon  pelvic  pain,  upon  ovaritis,  upon  neuralgias, 
"  pleuritic  *  stitches,'  tonsilitis,  and  many  other  pain  affections  is 
"  still  better  evidence.  In  sciatica,  for  instance,  the  sensation  of 
"  pain  is  frequently  quickly  relieved  and  a  cure  obtained,  though 
"  I  think  in  this  case  the  cause  is  twofold,  that  is  to  say  due  to 
*'  both  the  circulatory  and  the  analgesic  effect.  The  same  I 
"  believe  to  be  true  in  the  pelvic  and  ovarian  pains." 

''  The  results  in  such  cases,  in  my  opinion,  are  far  superior  to 
"  anything  attainable  by  a  faradic  or  a  galvanic  application.  As 
"  no  observations  on  tne  purely  analgesic  effects  of  this  current 
"  have  hitherto  been  made,  I  must  leave  others  to  test  the  ques- 
"  tion  for  themselves.  And  as  the  paper  is  not  clinical,  but 
"  simply  to  outline  the  subject  in  a  general  way,  I  cannot  burden 
"  it  with  cases." 

These  views,  as  to  the  peculiar  properties  and  physiological 
effects  of  high  frequency,  high  potential  currents,  were  read  De- 
cember 2,  1890,  and  published  January  24,  1891,  while  the  elec- 
trical mechanism  for  raising  and  varying  the  potential  and  secu- 
ring a  high  rate  of  oscillation  by  means  of  the  spark  gap  and 
condensers  was  described  and  published  in  1881,  both  publications 
being  therefore  prior  to  all  others. 

''  The  motor  effect,  including  the  circulatory,  cannot  be  denied; 
"  the  pain-annulling  effect,  though  clinically  demonstrable,  is 
*'  difficult  to  explain.  Perhaps  tlie  extraordinary  frequency  of 
"  the  alternations  of  the  current  per  second  may  explain  it. 
"  These  alternations,  it  will  be  recollected,  I  computed  might 
"  eisily  amount  to  twenty  thousand  million  per  second.  My  own 
"  view  is  that  the  great  frequency,  the  fineness,  so  to  speak,  of 
"  the  electric  vibrations,  which  we  know  as  a  matter  of  fact  are 
"  s^^t  up  in  the  nerve-filaments,  interferes  with  and  annuls  the 
"  pain  impulse.  The  carbon  filament  of  a  glowing  incandescent 
^'  electric  lamp,  situated  ten  feet  away  from  an  influence  machine 
^'  discharging  sparks,  has  been  seen  to  break.  It  had  evidently 
"  been  thrown  into  violent  vibration.     If  it  had  had  a  vibration 
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"  of  its  own  before  beinff  subject  to  the  electric  vibration,  it 
"  would  have  lost  it  and  fallen-under  the  influence  of  the  stronger 
"  vibratory  influence.  Again  a  vibrating  tuning-fork  may  lose 
"  its  motions  by  reason  of  the  interfering  vibrations  of  another 
"  more  powerful  one,  and  finally  vibrate  m  unison  with  it  Or 
"  electrically  a  stretched  platinum  wire  may  be  thrown  into 
"  visible  vibration  by  the  alternating  current  which  at  the  same 
"  time  heats  it  to  redness.  MedicaUy,  I  venture  the  suggestion 
^^  that  the  nerve-filaments  are  set  into  similar  vibrations,  and  that 
"  these  overcome  the  pain  by  simple  agitation  of  the  mass  of  the 
"  constituent  elements  of  the  nerve-fibre,  and  thus  an  annulment 
"  of  its  capacity  to  conduct  pain  impulses,  just  as  concussion  or 
"  ansesthesia  of  brain-tissue  may  be  said  to  annul  its  capacity  to 
"  respond  to  sensory  impressions.  The  experiments  of  Mortimer 
"  Granville  with  his  percuteur  taught  us  the  benumbing  influence 
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Fig.  6.     Holtz  Machine  with  Condensers. 

a.  Rotating  plate;  ^,  ^.  collectin^f  combs ;  c,  c.  prime  conductor*  ;</,  </, 
discbarge  rods ;  tf,  r,  Lcydcn  jars  ;  /",/",  primary  wire  of  inducnon  coil ;  A,  A, 
electrodes. 


upon  painful  nerves  of  even  coarse  vibrations.  With  alterna- 
ting electrics  impulses  of  twenty  thousand  millions  per  second, 
more  or  less,  we  may  find  explanation  of  the  analgesic  effect  of 
the  franklinic  interrupted  current.  Furthermore,  its  static 
quality  would  enable  it  to  set  up  an  influence  in  anatomical 
parts  regardless  of  the  intervening  medium,  as  witness  the  ac- 
tion of  the  Phelps-Edison  induction  telegraph,  where  an  induc- 
tive circuit  suflicient  to  work  a  telephone  may  be  set  up  across 
an  air-space  of  even  forty  feet.  Surely  the  analogies  of  electro- 
physics  are  safe  guides,  and  the  only  safe  standpoint  from  which 
to  study  the  action  of  electricity  upon  the  human  body." 

Fig.   6  represents  a  transformer  for  my  condensed  currents. 
Upon  actuating  the  influence  machine  and  approximating  the 
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discharging  rods  to  a  point  where  a  continuous  stream  of  sparks 
crosses  the  air-gap,  the  current  from  the  two  outer  coatings  of 
the  condensers  is  caused  to  pass  through  a  primary,  and  is  taken 
off  from  a  secondary.  One  of  my  coils,  now  in  use  for  several 
years,  and  made  for  me  by  the  Waite  and  Bartlett  Manufacturing 
Company,  has  a  primary  of  No.  32  wire  of  600  ohms  resistance, 
and  a  secondary  of  coarse  wire  2  ohms  resistance.  Such  coila 
worked  only  with  a  very  small  spark,  owing  to  the  difficulties  of 
insulation,  until  the  advent  of  oil  insulation,  when  their  efficiency 
became  greatly  increased. 

Exhausted  bulbs  provided  with  a  single  conducting  wir©  within, 
and  a  condenser  plate  without,  glow  brightly  when  placed  in  the 


Fig.    7.    Parts  of  Influence   Machine  and  Condensers  as 
before  described. 

L%  an  Edisnn  z6-candle  power  lamp  with  broken  filament ;  /*«  ^  piece  of 
tinfoil  laid  against  a  portion  of  the  bulb  ;  w,  wire  leading  to  filament;  w\ 
leading  to  tin  foil. 

V 

secondary  circuit.     The  physiological  effects  are  most  peculiar, 

and  I  must  leave  their  description  to  another  occasion.  In  some 
of  my  transformers  I  substitute  flat  spirals  of  wire  for  the  solenoid 
form. 

To  illustrate  the  beautiful  illuminating  effect  that  may  be  pro- 
duced with  the  condenser  current,  I  will  make  but  one  simple 
experiment,  tirst  calling  your  attention  to  a  diagram  showing  the 
connections. 

Fig.  7,  parts  of  influence  machine  and  condensers,  as  before 
described,    l  ;   an  Edison  16-candle  power  lamp  with  broken 
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filament,/*;  a  piece  of  tin-foil  laid  against  a  portion  of  the  bulb, 
WW*;  w,  wire  leading  to  filament,  w  leading  to  tin-foil. 

Now  that  the  lights  in  the  hall  are  turned  down,  you  see  that 
the  glow  is  most  brilliant  for  a  glow  lamp  effect.  As  we  increase 
the  size  of  the  Leyden  jars  and  cut  down  the  length  of  the  spark 
crossing  the  air-gap,  the  purple  color  changes  to  whitish  and  the 
effect  is  intensified. 

When  the  static  induced  current  is  transformed,  as  in  Fig.  6, 
the  incandescent  lamps  are  attached  in  the  usual  manner. 

The  physiological  properties  of  this  current  are : 

a.  Gneat  diffusiveness  of  the  action  whereby  large  groups  of 
muscles  are  simultaneously  caused  to  contract  with  a  minimum 
of  pain ; 

J.  An  anaesthetic  or  analgesic  effect  whereby  large  areas  feel 
buoyant,  and  a  degree  of  numbness ; 

c.  A  vaso-motor  effect  whereby  perspiration  is  caused,  and 
dilatation  of  superficial  blood  vessels; 

d.  An  elevation  of  bodily  temperature. 

Any  of  the  ordinary  forms  of  electrodes  may  be  attached  to 
the  terminals,  and  the  current  may  thus  be  used  externally  and 
internally  as  in  ordinary  galvanic  and  faradic  administration. 
Owing  to  the  relatively  minor  degree  of  pain  it  causes,  while 
etill  producing  strong  muscular  contractions,  and  the  cubic  area 
through  which  it  acts,  it  is  peculiarly  useful  in  reaching  into  the 
deeper  parts  of  the  body,  as,  for  instance,  when  it  is  desired  to 
reach  the  brain,  spinal  cord  and  internal  organs.  I  have  found 
this  current  of  great  value  in  diseases  of  the  brain,  spinal  cord 
and  nerves,  in  rheumatism,  gout,  goitre,  anjemia,  etc.,  etc. 

In  addressing  such  a  representative  body  of  electricians,  I  have 
perhaps  been  tempted  too  much  towards  the  physical  aspects  of 
electricity.  And  if  I  have  dwelt  at  some  length  upon  my  own 
small  contributions  to  high  frequency,  high  potential  currents,  it 
is  that  having  been  looked  upon  as  riding  the  hobby  of  statical 
electricity  a  little  tx)o  hard  by  some  of  my  best  medical  friends, 
1  now  find  myself — a  mere  fleck  in  the  great  stream — borne 
along  by  my  prior  publications,  of  1881  and  1890,  into  the  tide- 
way of  one  of  the  most  fascinating  of  the  multiform  directions 
of  advance  in  electrical  science.  For,  in  1880,  as  has  been  said, 
I  had  already  published  the  method  of  producing  a  secondary 
current  of  high  frequency  and  high  potential,  by  means  oft 
primary  circuit  which  included  discharging  rods  (with  air-gap), 
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and  condensers  in  this  circuit,  and  had  pointed  out  peculiar 
physiological  effects  due  to  increasing  the  frequency  of  the  cur- 
rent by  this  means. 

Conclusion. 

We  are  now  entering  upon  the  new  era  of  tlie  non-medicinal 
treatment  of  disease,  especially  chronic  diseases.  The  leaven 
that  has  worked  toward  this  end  was  implanted  in  this  country 
away  back  in  1860  by  one  of  the  ablest  men  of  his  day,  Dr. 
Jacob  Bigelow,  of  Boston,  in  a  treatise  upon  "  Nature  in  Disease." 
It  was  a  protest  against  expecting  that  every  disease  had  its 
medicinal  antidote.  The  days  of  a  general  and  comprehensive 
antidotal  treatment  are  numbered.  The  first  dawns  of  light 
were  the  recognition  that  many  diseases  were  self-limited,  and 
could  be  left  largely  to  Nature's  processes.  Then  came  the  re- 
commendations for  fresh  air,  for  exercise  out-of-doors,  for  con- 
genial surroundings,  and  appropriate  food.  Next  the  recognition 
of  the  importance  of  massage,  of  Swedish  movement,  of  hydro- 
therapy and  of  electricity,  viz.:  of  treatments  which  essentially 
produce  an  increased  demand  for  the  oxygen  of  the  air,  for  an  in- 
creased capacity  on  the  part  of  the  blood  to  convey  it  to  tissue, 
and  a  correspondingly  increased  oxidation  of  the  tissue  and 
assimilation  of  food.  The  patient's  ''  respiratory  circulation  "  is 
improved — consequently  his  nutrition  improves,  and,  finally,  his 
so-called  disease  disappears.  This  remark  applies  most  strictly  to 
that  great  class  of  diseases  which  oppress  humanity,  viz. :  func- 
tional diseases,  so  called.  Electricity  leads  the  way  in  the  advance; 
its  dosage  is  measurable  with  precision ;  its  effects  are  equally 
precise ;  they  constitute  the  objective  evidence  of  the  treatment, 
viz. :  acceleration  of  the  heart  action,  of  the  blood  circulation, 
regulation  of  the  temperature,  and  increased  absorption  of  oxy- 
gen, with  a  corresponding  increase  of  waste  products,  like  urea, 
creatinin,  carbonic  acid  and  water— the  ashes  of  the  human  system 
— while  at  the  same  time  the  poisonous  by-products,  like  uric  acid, 
etc.,  viz.:  materials  due  to  incomplete  oxidation,  are  diminished. 

A  human  body  is  an  oxydizing  furnace,  and  the  draught  is  in- 
creased electricity.  If  the  draught  is  good,  the  fuel  is  completely 
burned,  the  apparatus  does  not  choke  up,  the  ashes  are  at  a  max- 
imum and  the  highest  degree  of  energy  is  derived  from  the 
mechanism — in  our  case,  a  living,  human,  fuel-consuming  and 
oxydizing  organization. 
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In  short,  to  put  the  matter  tersely,  if  crudely,  we  shall  live 
longer  and  be  healthier,  if  we  burn  out  rather  than  rust  out. 

The  law  of  life  is  motion — light,  heat,  chemical  affinity,  all 
are  motion ;  possibly  material  matter  itself  is  ether  in  motion— 
the  processes  of  life  are  chemical  processes — the  resultant  energy 
developed,  is  the  mechanical  force  displayed  by  our  muscles— the 
neural  impulses  conducted  by  our  nerves,  and  the  action  of  what 
we  call  our  mind.  Muscles,  nerves  and  brain  are  but  organic  foci 
for  the  development  of  these  energies  by  physical  processes. 

Electricity,  judiciously  employed,  promotes  the  activity  of  the 
physical  processes  underlying  life  and  health.  It  may  even 
constitute  the  motive  power  which  drives  the  machinery  of  life. 
Be  that  as  it  may,  we  know  that  we  can  alter  the  running  of  the 
vital  machine  for  weal  or  for  woe  by  intelligently  turning  an 
electric  current  in  upon  it. 

We  physicians,  when  we  use  electricity,  are  also  electrical  en- 
gineers ;  but  our  workshop  holds  its  problems  of  health  and  of 
life  and  death.  Do  you,  the  members  of  this  society,  ever  pauae 
to  realize  that  you  are  relieved  from  this  responsibility  ?  Do  you 
wonder  that  those  who  would  grasp  this  problem  are  ever  striving 
for  aid — and  that  you,  with  your  trained  minds,  and  special  re- 
searches, may  be  of  vast  aid  ? 

Are  not  our  pathways  parallel  and  often  harmonious?  That 
they  may  be  is  my  devout  wish. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 

New  York,  November  15th,  1893. 

The  eighty-first  meeting  of  the  Institute  was  held  at  12  West 
Slst  Street  this  date,  and  waw  called  to  order  by  President 
Houston  at  8  p.  m. 

The  President  : — The  Secretary  will  please  read  the  minutes 
of  the  last  meeting. 

[The  Secretary  proceeded  with  the  reading  of  the  minutes.] 

Dr.  M.  I.  PupiN : — I  move  that  the  reading  of  the  minutes  be 
dispensed  with. 

[The  motion  was  carried.] 

The  President  : — Unless  the  Institute  desires  to  take  up  other 
work  we  will  proceed  with  the  regular  business  of  the  meeting. 

The  Secretary  : — At  the  meeting  of  Council  held  this  after- 
noon the  following  associate  members  were  transferred  to  full 
membership :         ^ 

[Approved  by  Board  of  Examiners,  October  3,  1893.] 

Arnold,  Bion  J.  Consulting^    Engineer,   General    Electric  Co.,  4128 

Prairie  Ave.,  Chicago,  111. 

Parkhurst,  Chas.  D.  Lieut.  4th  Artillery  U.  S.  A..  Fort  McHenry.  Md. 

Dion,  Alfred  A.  Supt.  and  Electrician,  Chaudiere  Electric  Light  and 

Power  Co.,  Ltd.,  Ottawa,  Ont. 

Uebelacker,  Chas.  F.  Firm  of  E.  P.  Roberts  &  Co.,  Mechanical  and  Elec^ 

trical  Engineers,  Cleveland,  O. 

Lloyd,  Robert  McA.,         Electrician,  2  West  36th  St.,  New  York. 
Total  5. 

The  Pbesident: — We  will  now  proceed  to  the  regular  order. 
The  first  thing  will  be  the  discussion  of  the  report  01  the  special 
committee  of  Council  appointed  at  the  last  meeting  on  "Local 
Meetings  of  the  Institute."  Mr.  Herbert  Laws  Webb  is  chair- 
man of  that  committee. 

[Mr.  Webb  read  the  report,  which  is  printed,  as  amended  by 
the  meeting,  at  the  end  of  the  discussion,  see  page  f)23.] 

The  President: — Gentlemen,  you  have  heard  this  report. 
What  action  will  you  take  on  it  ? 

Mr.  Townsbnd  Wolcotf: — I  move  the  report  be  accepted. 
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[The  motion  was  carried.] 

The  I*besident: — Will  jrou  now  consider  the  report  as  a  whole 
or  seriatim  ? 

A  Member  : — I  move  it  be  considered  seriatim. 

The  President  : — If  there  is  no  objection,  it  is  so  ordered. 

"  The  first  recommendation  is  that ''  it  is  the  opinion  of  the  com- 
'^  mittee  that  provision  should  be  made  for  local  meetings  of  the 
"  members  at  points  inconveniently  distant  from  Kew  1  ork  for 
'•  the  reading  and  discussion  of  papers  accepted  by  the  iNSTrruTE." 

"  The  committee  is  of  opinion  that  Section  6  of  the  Eulesof 
"  the  Institute,  authorizing  the  secretary  *  to  call  a  special  meet- 
"  ing  on  a  requisition  signed  by  fifteen  or  more  members'  was 
"  not  intended  to  and  does  not  cover  local  meetings  of  the  char- 
"  acter  contemplated  in  this  report." 

Rule  VI  refers  to  meetings.  The  part  under  consideration  reads: 
"  Special  meetings  may  be  called  whenever  the  Council  sees  fit; 
*'  and  the  Secretary  shall  call  a  special  meeting  on  a  requisition 
"  signed  by  fifteen  or  more  members." 

Mr.  James  Hamblet:— I  move  the  adoption  of  that  as  read. 

The  President: — It  is  moved  that  Sections  1  and  2  of  this 
report  be  adopted. 

The  Secretary  : — Do  I  understand  that  this  now  becomes  the 
ofiicial  interpretation  of  Eule  VI.? 

The  President  : — That  particular  part  of  Rule  VI.,  certainly; 
so  far  as  the  calling  of  special  meetings  of  this  character  is  con- 
cerned. 

The  Secretary: — I  would  like  to  ask,  simply  for  my  own 
information,  if  the  committee,  or  others,  in  considering  this  rule, 
have  taken  it  as  based  on  its  reading,  or  on  what  was  intended  by 
the  authors  of  the  rule  that  it  should  mean ;  and  whether,  when 
this  meeting  passes  upon  it,  that  it  becomes  the  official  interpre- 
tation of  the  rule.  There  have  been  prior  decisions  in  regard  to 
this  rule — decisions  by  presidents  and  others.  It  is  immaterial 
to  me ;  but  it  would  seem  that  the  rule  should  be  interpreted 
strictly  as  it  is  read. 

Mr.  Webb  : — I  do  not  see  how  there  can  be  any  difficulty  of 
that  kind,  because  we  simply  say  that  the  rule  does  not  apply  to 
meetings  of  the  character  intended. 

Mr.  W  olcott  : — As  I  understand,  the  Secretary  says  there  have 
been  previous  decisions  on  this  same  point;  and  ii  there  is  no 
objection  I  would  like  him  to  read  the  previous  decisions,  if  they 
are  available. 

The  Secretary  : — The  decision  is  not  in  regard  to  meetings 
held  anywhere  in  particular,  because  when  the  Institute  was 
organized  there  was  no  really  official  place  of  meeting.  The 
Rules  of  the  Institute,  as  I  stated  in  my  paper,  were  based  on 
those  of  the  American  Institute  of  Mining  Engineers,  which  doee 
not  even  hold  meetings  in  New  York  City  regularly — ^although 
its  headquarters  are  here.     Its  meetings  are  held  in  various  parts 
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of  the  country.  At  the  meeting  of  the  Institute  held  May  18th, 
188t),  when  these  monthly  meetings  of  the  Institute  were  iirst 
under  consideration,  the  President  said  in  regard  to  the  discussion 
of  holding  meetings : 

"  The  discussion  is  an  informal  one.  There  is  no  motion  before 
"  the  meeting.  As  far  as  this  matter  of  dining  together  and 
"  arranging  about  a  room  is  concerned,  that  is  a  matter  that  the 
"  individual  members  can  do  as  they  please  about.  They  have 
"  the  privilege  of  meeting  here  if  they  want  to,  and  if  they  prefer 
*^to  meet  somew^here  else,  they  can  make  their  own  arrangements. 
"  All  we  have  to  consider,  so  far  as  I  can  see  is,  what  authoriza- 
"  tion  from  the  main  body,  of  the  Institute  is  necessary  so  as  to 
"  give  the  proceedings  an  official  character." 

Later  on,  after  a  committee  on  monthly  meetings  had  reported, 
Captain  Michaelis,  since  deceased,  but  who  was  ])resent  when  the 
rules  were  amended,  made  the  following  remarks  in  regard  to  the 
holding  of  meetings : 

''  1  happen  to  have  an  intimate  knowledge  of  certain  questions 
''  of  the  constitution  of  the  Institute,  for  the  reason  that  I  was 
"present  at  the  meeting  when  they  were  amended.  I  think  it 
"  very  well  to  have  monthly  meetings,  but  you  can  only  reach 
"  them  in  one  or  two  ways,  without  an  amendment  to  the  consti- 
"  tution.  They  can  only  be  held  as  special  meetings,  unless  they 
"  be  social  gatherings  and  do  not  partake  of  the  formal  character 
"  of  authorized  meetings  where  ])usiness  can  be  done.  The  con- 
"stitution  provides  that  meetings  may  be  called  in  two  ways:  by 
'•  the  Secretary  on  the  written  request  of  fifteen  members ;  or  the 
"  Council  may  call  a  special  meeting.  This  committee  can  only 
"  make  recommendations,  and  then  either  have  a  call  signed  by 
"  fifteen  members  of  the  Institute  and  presented  to  the  Secre- 
"  tary,  who  would  then  call  a  special  meeting,  or  they  might 
"  recommend  to  the  Council  to  call  a  special  meeting  at  such  a 
"  time  as  they  saw  fit,  but  that  is  the  only  w^ay.  This  meeting 
"cannot  provide  for  the  monthly  meetings,  in  fact  there  ean- 
"  not  be  monthly  meetings  until  the  constitution  is  amended. 
"  There  can  only  be  special  meetings  called  in  the  manner  indi- 
"  cated.  1  do  not  desire  to  make  any  point  about  it  at  all,  but 
"only  to  state  what  the  constitutional  provisions  are." 

Mr.  George  M.  Phelps: — I  take  it  that  the  development  of 
our  w^ork  during  tliis  last  nine  years  has  not  been  founded  on  any 
very  precise  organic  or  constitutional  provisions,  and  whatever 
may  be  the  fact  in  regard  to  the  ^rowtli  of  our  monthly  meetings 
which  w^e  have  held  in  New  York,  whether  they  were  well  or  ill 
founded  upon  any  rules  at  that  time,  they  have  become  by  pre- 
scription and  use  a  recognized  feature  of  the  work  of  the  Insti- 
tute, and  I  can  see  no  harm  in  determining  one  way  or  the 
other,  yes  or  no,  in  respect  to  the  interpretation  put  upon  that 
clause  of  Rule  VI  referred  to  in  the  report  of  the  Committee. 
It  seems  to  me  that  whatever  the  relations  of  these  New  York 
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meetings  that  have  been  held  may  be  to  the  rule,  it  would  be 
very  undesirable  indeed  to  let  the  interpretation  go  forth  of  that 

Eortion  of  Rule  VI  referred  to,  which  would  permit  fifteen  mem- 
ers  anywhere  to  hold  a  meeting  that  should  have  an  official 
character  as  a  meeting  of  the  Instiiute.  And  it  was  with  that 
in  view  that  the  committee  thought  it  was  in  their  province, since 
that  point  had  been  brought  up  by  the  Secretary  ana  others — they 
consider  it  within  their  province  to  suggest  an  authoritative  inter- 
pretation, or  a  limitation  rather  of  the  scope  of  that  clause  in 
Rule  VI.  It  seems  to  me  eminently  desirable  to  have  a  deciwon 
on  that  point. 

The  President  : — Gentlemen,  if  you  read  Rule  VI.  carefully, 
I  think  you  will  find  no  difficulty  whatever.     I  di»  not  see  how 
it  is  possible  to  put  any  such  construction  on  the  rule  as  appears 
to  have  been  put  on  it  by  some.     This  is  a  special  meetmg  of 
the  Institute  at  which  tlie  regular  officers  of  the  Institute  are 
to  preside  that  is  referred  to  in  Rule  VI.     Rule  VI.  refers  to 
other  meetings  of  the  American  Institute  of  Electrical  En- 
gineers held  under  its  regularly  elected  and  constituted  officers, 
that  sh  ill  be  held  in  addition  to  the  annual  meeting.     It  is  coft- 
tomary  in  all  by-laws  of  societies  to  provide  means   whereby 
other  meetings  than  the  regularly  appointed  meetings  can  be 
held  on  a  proper  call  of  the  members.     But  to  consider  this  rule 
as  applying  to  other  meetings  held  elsewhere,  at  which  the  regu- 
larly appointed  oflicers  of  tue  Insittute  do  not  preside,  would 
be  folly,  to  my  mind.     According  to  that,  it  would  be  possible 
to  diviae  the  Institute  into  as  many  separate  meetings,  iield  in 
as  many  separate  places,  as  you  could  di\'ide  your  membership 
by  fifteen  or  more.     Clearly  that  meaning  was  never  intended  to 
be  put  on  the  rule.     This  would  be  a  fair  case  :  If  in  San  Fran- 
cisco or  in  Lynn  or  in  any  other  city,  fifteen  or  more  members 
of  the  Institute  wanted  to  hold  a  meeting  at  which  the  regular 
officers  of  the  Institute  could  preside,  it  might  be  possible  to 
hold  it  there,  but  I  do  not  think  it  would  be  possible  under  the 
by-laws.     If  you  ask  for  my  decision  that  would  be  my  interpre- 
tation of  the  by- law. 

Mr.  WoLcorr : — These  meetings  have  no  legislative  power.  I 
do  not  see  how^  they  could  divide  the  Institute  in  any  sense. 
They  are  not  allowed  to  do  anything  except  what  is  done  at  the 
other  meetings — simply  read  papers  and  discuss  them. 

The  President: — I  beg  pardon,  but  what  are  you  discussing 
now,  Rule  VI.? 

Mr.  Wolcott: — This  kind  of  meeting — I  said  that  in  connec- 
tion with  your  remark. 

The  President  : — My  remark  applies  to  Rule  VI.  and  not  to 
these  particular  meetings.  I  was  asked  for  a  decision,  and  my 
decision  was  that  the  special  meetings  referred  to  under  Article 
VI.  were  not  the  same  as  the  local  meetings. 

Mr.  Phelps  : — If  you  will  pardon  me  one  moment,  I  believe 
the  thing  immediately  beioTeAx«»\«»  t\i^  fwdo^tion  of  clauses  1  and 
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2  of  the  report — ^the  first  committing  the  Institdte  to  the  de- 
claration that  it  is  desirable  to  provide  for  local  meetings,  and 
the  second  clause  interpreting  the  clause  in  Kule  YI.  as  not 
applying  to  such  meetings.     Am  1  right  ? 

The  rEESiDENT : — Yes ;  and  I  understand  the  gentleman 
wishes  to  speak  to  that  motion.     Am  I  right,  sir? 

Mr.  Wolcott:— Yes,  sir. 

The  President  : — You  have  the  floor,  sir. 

Mr  Wolcott  : — If  it  is  in  order  in  that  connection,  1  will  ask 
who  is  supposed  to  interpret  the  Rules  ofiicially. 

The  President  : — I  imagine,  sir,  that  you  elect  your  President 
for  that  purpose  when  he  presides.  In  the  absence  of  the  Presi- 
dent, I  imagine  that  you  elect  the  Council  for  that  purpose. 

Mr.  Wolcott  : — I  wanted  to  raise  the  question  whether  the 
Council  is  the  official  interpreter  of  the  Kules. 

The  President  : — Perhaps  you  would  be  willing  to  express 
to  the  Institute  what  you  think  Council  is  elected  for  if  it  is 
not  to  interpret  the  Rules  of  your  body. 

Mr.  Woloott  : — It  seems  to  have  plenty  of  other  duties. 

The  President: — If  there  is  no  other  discussion,  Mr.  Ham- 
blet's  motion  is  now  before  the  Institute.  Mr.  Hamblet  moved, 
that  Sections  1  and  2  be  approved.  That  question  is  now  before 
the  Institute.     Are  you  reiady  for  the  question  ? 

[The  motion  was  carried.] 

The  President:— I  will  now  read  Section  3.  This  consists 
of  recommendations  A,  B,  C,  and  D.     I  will  read  A : 

'*  Third.  The  Committee  presents  the  following  plan  for  the 
"holdingof  local  meetings  of  members: 

"  A.  When  not  less  than  twenty  members  in  any  stated  local- 
"  ity  shall  in  writing  notify  the  Secretary  of  the  Institute  of 
"  their  desire  to  hold  local  meetings,  such  request  shall  be  pre- 
*'  sented  to  the  Council  at  its  first  meeting  thereafter.  The 
"  Council  shall  then,  upon  the  recommendation  and  nomination 
"  of  the  signers  of  the  request  for  local  meetings,  appoint  a  local 
"  honorary  secretary  who  shall  be  a  member  or  associate  member 
"  of  the  Institute  residing  in  the  specified  locality."' 

Section  A  is  now  before  you. 

The  Secretary  : — In  order  to  remove  all  question  of  doubt 
as  to  the  interpretation  of  the  rule,  I  would  move  that  the  num- 
ber of  members  as  fixed  by  the  committee,  be  changed  from 
twenty  to  fifteen  ;  not  because  I  am  fully  satisfied  that  a  local 
membership  of  fifteen  would  be  sufficient  to  lead  to  a  healthy 
series  of  meetings,  but  because,  in  my  opinion,  which  is  respect- 
fully submitted,  there  might  be  a  question  raised  as  to  the  inter- 
pretation of  that  rule  in  regard  to  the  number,  and  I  would  be 
flad  to  hear  from  the  committee  as  to  any  reasons  they  may  have 
or  changing  the  number. 

Mr.  Phelps  : — It  has  just  been  interpreted  by  the  meeting 
that  that  rule  does  not  apply  to  this  case. 
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The  Secretary: — Mr.  President,  lam  fully  aware  of  that. 
But  we  have  with  us  thirty  members,  perhaps  forty,  and  wehaye 
outside  probably  seven  hundred  members,  and  with  all  due  res- 
pect to  the  gentlemen  here,  1  presume  that  they  are  capable  of 
reading  the  English  language,  and  I  simply  offer  that  as  a  sug- 
gestion to  remove  any  possible  doubt  as  to  the  propriety  of  the 
report — not  that  the  Rules  be  altered  and  made  twenty  to  con- 
form with  the  committee's  report,  but  that  the  committee's  re- 
port be  amended  to  conform  to  the  Rules. 

Mr.  Webb:— I  should  like  to  say  that  fixing  the  number  at 
twenty  was  precisely  with  the  object  of  cutting  off  all  coddco- 
tion  with  that  rule. 

The  President  : — A  very  sensible  reason. 

Mk.  CuiTRiss : — 1  cannot  see  that  our  worthy  secretary's  argu- 
ment has  very  much  bearing  on  this  question — that  there  are 
only  forty  people  present  out  of  our  membership  in  New  York. 
It  is  the  fault  of  the  other  people  not  being  here  to  discuss  it. 

The  Secretary  : — I  am  perfectly  satisfied  with  that.  It  is  a 
good  and  cogent  reason.  But  at  the  same  time  it  appears  to  me 
that  this  is  a  mere  question  of  detail,  and  I  do  not  wish  you  to 
think  that  I  am  insisting  upon  it  because  it  was  my  interpretation 
of  the  Rule.  I  do  not  care  to  make  any  attempt  that  that  idea 
should  prevail.  It  is  simply  a  question  of  removing  this  doubt, 
and  it  is  a  question  between  fifteen  members  and  twenty  mem- 
bers. It  may  be,  as  the  chairman  of  the  committee  said,  that 
that  number  was  recommended  to  remove  all  relationship  to  the 
rule.  So  far  as  that  is  concerned,  I  would  be  just  as  willing  to 
have  it  twenty-five  as  twenty  or  fifteen  I  would  not  for  a 
moment  be  inclined  to  listen  to  ten.  1  think  it  better  to  go  up 
rather  than  down.  It  is  simply  in  the  interest  of  having  it  jibe, 
so  to  speak. 

Mr.  Martin  : — I  think  there  is  a  great  deal  of  wisdom  and 
good  sense  in  what  Mr.  Pope  has  advanced,  if  we  remember  the 
fact  that  when  we  started  our  New  York  monthly  meetings  we 
considered  that  the  limit  in  the  rules  for  New  York  was  good 
enougli  if  it  was  fifteen.  Whether  we  consider  the  old  rule  or 
not,  let  us  at  least  be  generous  enough  to  look  at  our  fellows 
elsewhere  and  give  them  a  chance  to  start  their  meetings,  imme- 
diately on  the  same  basis  as  we  started  our  own.  I  think  the 
committee  is  not  particularly  anxious  about  twenty.  I  do  not 
know  that  it  will  make  any  particular  difference  as  to  the  num- 
ber of  monthly  meetings  we  could  start,  whether  it  be  fifteen  or 
twenty.  Mr.  Pope  is  willing  to  have  the  limit  fifteen.  If  that 
will  give  him  ten  monthly  meetings  to  look  after  instead  of  five, 
be  it  on  his  head. 

Mr.  W.  J.  Hammer  : — When  this  matter  came  before  the  com- 
mittee the  original  limitation  was  fifteen,  and  as  Mr.  Webb  savs, 
when  the  matter  was  thoroughly  discussed  it  was  decided  to  ma'ke 
it  twenty  in  order  that  this  might  not  in  any  way  clash  with  the 
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words  in  Rule  VI.  There  are  two  cities.  Chicago  and  Boston, 
including  the  Lynn  delegation,  which  could  raise  twenty  members 
or  more.  Philadelphia  lias  nearly  that  number,  and  probably  in 
\  short  time  thev  could  get  sufficient  new  members  to  get  it  up  to 
twenty.  I  think  the  Institute  should  go  a  little  slowly  in  this 
matter,  whatever  action  is  taken,  and  it  seems  to  me  twenty  is 
low  enough.  I  think  it  is  just  as  well  to  steer  clear  of  that  point 
of  fifteen,  so  that  hereafter  there  will  not  be  any  discussion  as  to 
the  interpretation. 

The  President  : — If  there  is  any  lingering  doubt  in  the  minds 
of  the  forty  here,  as  there  appears  to  remain  in  the  Secretary's 
mind,  as  to  Rule  VI  having  any  connection  whatsoever  with  the 
calling  of  local  meetings,  1  would  urge  on  the  Institdte  to  make 
the  number  something  else  than  fifteen,  or  we  will  find  that  will 
be  urged  as  a  reason — as  an  interpretation  of  the  rule.  Whereas 
clearly  I  think  there  can  be  no  doubt  that  Rule  VI  has  nothing 
to  do  with  this  case.  It  is  a  different  kind  of  meeting  entirely. 
Rule  VI  is  intended  to  cover  a  special  meeting  of  the  Institute 
held  wherever  it  may  be  held,  under  the  direction  of  the  regularly 
appointed  officers  oi  the  meeting.  No  other  than  that  can  be  a 
meeting  of  the  Institute.  To  suppose  for  a  moment  that  we 
could  have  ten  or  fifteen  meetings  of  one  and  the  same  Institute 
is,  to  my  mind,  very  illogical.  If  therefore  there  is  going  to  be 
any  question  in  the  hereafter  as  to  whether  or  not  Rule  VI  applies 
to  local  meetings,  I  hope,  if  the  Institute  agrees  with  me  in  this 
very  simple  English,  that  they  will  carry  out  the  recommendation 
of  the  committee  in  making  it  some  other  number  than  the  num- 
ber referred  to  in  Rule  VI. 

Mr.  Phelps  : — I  understand  the  Secretary  to  move,  in  order 
that  we  may  have  something  before  us  to  discuss — to  move  as  an 
amendment  that  the  number  be  changed  from  twenty  to  fifteen. 
Is  that  so  ? 

The  Secretary  : — That  was  my  intention,  yes. 

The  President: — Is  that  motion  seconded  f 

Mr.  Woloott  :— I  second  it. 

The  President: — It  is  moved  and  seconded  that  paragraph  A 
of  Section  third  of  the  committee's  report  be  amended  to  read 
"When  not  less  than  fifteen  members"  in  place  of  "when  not 
less  than  twenty  members.*' 

[The  amendment  was  lost.] 

A  Member  : — I  move  that  the  recommendation  A  be  adopted 
as  read. 

[The  motion  was  carried] 

The  President  [Reading]: — "B.  The  duties  of  the  local 
"  honorary  secretary  shall  be  in  general  to  serve  as  a  channel  of 
"  communication  between  local  members  and  the  general  body  of 
"  members  through  the  Secretary  and  Council.  But  no  member 
"  in  any  locality  shall  be  debarred  from  direct  communication 
"  with  the  Institute." 
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A  Membbb  : — I  move  the  adoptioD  of  that  as  read. 

[The  motion  was  carried.] 

The  President  [Reading] : — "  C.  In  any  locality  where  a 
"  local  honorary  secretary  shall  have  been  appointed,  local  meet- 
"  inffs  may  be  held,  the  local  members  to  elect  their  own  chairman. 

"  Said  meetings  to  be  known  as  the  meeting  of  The Mem- 

^'bers  of  the  American  Institute  of  Electrical  Enoineebs. 
^'  Such  meetings  shall  be  for  the  purpose  of  reading,  by  the 
"  authors  or  by  proxy,  and  of  discussing  papers  accepted  by  the 
^*  Institute,  and  such  papers  only.  8udi  local  meetings  shall  be 
"  held  simultaneously  with  the  Institute  meetings  or  subse- 
"  quently.  That  is  to  say  no  paper  before  the  Institute  shall  be 
^'  read  or  discussed  at  a  local  meeting  in  advance  of  its  reading 
"  at  the  Institute  meeting." 

Dr.  Charles  E.  Emery  : — Mr.  Chairman,  I  move  the  adoption 
of  that  section,  and  in  connection  therewith  beg  permission  to 
present  my  views  on  the  general  subject  very  brieny.     The  plan 
proposed  I  consider  an  aumirable  one  as  a  tentative  movement. 
Action  of  this  nature  is  necessarily  experimental.     You  cannot  at 
first  say  what  will  be  necessary  or  what  the  outgrowth  will  be.  I  am 
much  obliged  to  the  committee  for  mentioning  so  prominently 
the  plan  I  outlined  at  the  previous  meeting,  andl  venture  to  say, 
I  think  that  something  of  that  kind  will  eventually  grow  out  of 
the  present  movement.     At  the  same  time  I  am  moving  to  have 
the  present  matter  tried,  because  it  is  simpler  and  it  has  in  some 
respects  an  advantage  in  keeping  the  matter  entirely  within  the 
hands  of  the  Institute,  which  I  can  see  the  members  would  be 
pleased  to  have  arranged.     The  difficulty  about  the  membership 
of  other  societies  is  not  brought  up  in  any  way  so  long  as  it  is 
kept  entirely  within  this  society,  and  if  the  pressure  for  this  ad- 
ditional class  of  members  or  a  class  of  members  having  certain 
privileges,  which  were  provided  for  in  the  other  paper,  comes  up 
strongly  enough  here,  some  provision  can  be  made  for  such  dis- 
tinction.    I  am  very  much  pleased  with  the  report  of  the  com- 
mittee as  a  whole,  and  would  have  no  hesitation  in  moving  that 
the  rest  be  adopted.     But  I  think  we  will  do  better  to  adopt  it 
by  sections,  and  I  take  pleasure  in  moving  the  adoption  of  this 
particular  section. 

Mr.  Martin  : — Might  I  ask  for  the  reading  of  the  clause  that 
relates  to  the  presiding  officers  ? 

The  President  [Reading] : — "  The  local  members  to  elect 
their  own  chairman." 

Mr.  Martin: — The  only  point  I  wanted  to  get  at  was,  whether 
it  was  the  intention  of  the  committee  that  the  chairman  should 
be  chosen  month  by  month  or  whether  it  should  be  an  annual 
office ;  because  it  seems  they  are  creating  two  offices  at  once, 
within  the  scope  of  the  report. 

Mr.  Webb: — Tlie  intention  was  that  the  chairman  might 
differ  from  meeting  to  meeting.  Each  meeting  would  elect  its 
eiiairman. 
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Mr.  Hammer  : — The  only  local  officer  the  Institute  recognizes 
is  the  honorary  secretary. 

Mb.  Phelps: — I  suppose  that  under  the  rules  suggested  by 
the  committee  it  woula  be  open  to  the  local  meeting  to  elect  a 
chairman  at  each  meeting  or  to  take  one  for  three  months  or  six 
months  as  they  pleased.  It  is  their  affair  entirely.  Mr.  Hammer 
has  covered  it  by  reference  to  the  fact  that  the  local  honorary 
secretary  provided  for,  is  the  only  official  person  created  by  the 
action  of  the  Institute. 

The  Peesidknt: — Does  that  answer  your  inquiry,  Mr.  Martin? 

Mr.  Martin  : — Yes.  But  I  think  it  would  be  a  little  more  busi- 
ness-like to  have  some  one  whose  duty  it  is  to  be  there  and  attend 
to  the  running  of  these  meetings. 

The  Secretary  : — I  would  Tike  to  inquire  what  would  be  the 
status  for  instance  of  a  Vice-President  in  one  of  those  cities  where 
a  meeting  of  this  kind  was  held ;  whether  his  official  capacity  as 
an  officer  of  the  Institute  would  not  give  him  a  natural  prece- 
dence as  the  presiding  officer  and  cover  the  point  Mr.  Martin 
su^ests. 

Dr.  Emery: — I  would  be  glad  to  accept  an  amendment  to  my 
motion  that  a  Vice-President  present  at  the  meeting  shall  preside, 
or  that  the  presiding  officer  shall  be  selected  by  the  meeting. 

Mr.  Hammer: — When  this  was  before  the  committee  1  think  I 
had  the  honor  of  recommending  that  if  these  local  departments 
were  organized  in  Chicago  and  other  cities,  thereafter  the  Insti- 
tute could  make  their  presiding  officer  a  Vice-President  of  the 
Institute,  or  if  there  was  a  Vice^resident  located  in  that  section 
that  he  would  be  recognized  as  the  local  officer.  But  the  com- 
mittee decided,  and  I  tnink  wisely  so,  that  this  ought  to  be  left 
entirely  to  the  judgment  of  the  local  members;  that  the  Institute 
does  not  desire  to  dictate  to  them,  and  outside  of  desiring  to 
endorse  their  nomination  for  an  honorary  secretary,  that  the  gov- 
ernment of  the  meeting  was  left  entirely  to  the  local  members. 

Mr.  Phelps  : — The  chances  are,  I  should  say,  about  100  to  1 
that  in  any  locality  desiring  local  meetings  and  possessing  among 
its  members  a  Vice-President — the  chances  are  about  100  to  1 
that  he  will  be  selected  as  the  local  chairman,  and  that  would 
seem  to  cover  the  matter  entirely.  Of  course,  so  far  as  his  status 
is  concerned  it  is  to  be  the  same  as  that  of  any  other  member. 

The  President: — If  you  will  pardon  the  Chair  for  taking  part 
in  the  discussion,  isn't  there  just  a  little  bit  of  difficulty  here? 
That  if  you  have  a  Vice-President  of  the  Institute  to  preside 
always  at  a  local  meeting  that  that  local  meeting  will  come  to 
assume  a  little  different  grade  than  some  other  local  meetings? 

Mr.  Phelps: — I  do  not  think  so,  sir. 

The  President  : — It  is  somewhat  an  unfortunate  thing  that  in 
our  discussions  here  everything  is  put  down  and  printed.  Still  I 
will  not  hesitate  to  express  myself  freely.  The  question  of  local 
meetings  is  a  very  dimcult  question  properly  to  handle.     On  the 
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ODe  hand  we  have  a  large  membership  that  finds  difficulty  in  get- 
ting to  New  York  and  naturally  wants  to  get  all  the  advantages 
out  of  the  Ambbican  Institute  of  Electrical  Engineers  that  it 
can.     On  the  other  hand  we  do  not  want  to  set  up  rival  meetings 
which  may  and  probably  will  in  the  near  future  raise  the  question 
as  to  which  is  the  governing  body  and  which  is  the  offshoot.    I 
would  rather  see,  personally,  these  local  meetings  presided  over 
by  any  officer  that  they  may  choose  to  select,  and  to  let  the  plan 
as  formulated  by  the  committee  that  the  local  honorary  secretary 
be  the  only  official  that  the  main  body  recognizes.     There  is  no 
objection,  of  course,  to  the  local  body  having  a  Vice-President  as 
their  presiding  officer.    They  probably  woula  select  him  if  he  was 
in  the  place.     But  I  think  it  would  be  preferable  not  to  say  that 
they  must  have  him.     Else  I  fear  this  question  would  arise  in  the 
near  future  as  to  whether  there  was  a  difference  in  the  grade 
between  that  kind  of  a  local  meeting  and  a  local  meeting  in  which 
they  had  only  a  presiding  officer  who  was  not  a  regularly  elected 
officer  of  the  Institute.     Of  course  this  is  for  you  to  decide.    1 
think  it  is  an  important  matter. 

Mr.  Phelps: — Precisely,  Mr.  President.  A  Vice-President 
residing  in  a  given  locality,  if  elected,  will  preside  at  those  meet- 
ings, not  as  a  Vice-President  of  the  Institute,  but  as  chairman  of 
the  meeting. 

The  President: — ^It  is  moved  and  seconded  that  Section  C  be 
adopted  as  read. 

[The  motion  was  carried.] 

The  President  [Reading]  : — "  D.  Wherever  a  local  meeting 
"  shall  have  been  provided  for  as  in  the  foregoing  section,  the 
"  local  honorary  secretary  shall  be  supplied  by  the  Secretary  of 
''  the  Institute  with  advance  copies  of  papers  to  be  read  before 
'*  the  Institute,  which  copies  he  shall  distribute  to  the  local 
"  members  before  their  regular  meetings.  The  local  honorary 
"  secretary  shall  transmit  to  the  Secretary  of  the  Institutk  a  re- 
"  port  of  the  discussion  or  comments  on  papers  that  he  may 
"  receive  from  members  in  his  locality." 

The  Secretary  : — I  wish  to  apologize  for  speaking  too  fre- 
quently on  this  subject,  but  I  understand  that  this  is  the  sole 
business  of  the  evening,  and  the  report  is  being  read  for  the 
purpose  of  being  discussed — 

Thk  President  :— Always  glad  to  hear  from  you,  Mr.  Pope. 

The  Skcretarv  : — The  Committee  in  recommending  that  ad- 
vance copies  be  sent  to  the  local  secretary  for  distribution  has 
perhaps  failed  to  note  one  of  the  provisions  of  the  postal  regula- 
tions, and  the  conditions  under  which  these  papers  are  mailed 
now,  and  also  the  fact  that  it  should  be  our  purpose  to  relieve 
the  local  secretary  as  much  as  possible  from  the  drudgery  of  an 
honorary  office.  I  would  therefore  submit  to  the  consideration 
of  the  Institute  the  fact  that  under  ordinary  circumstances  the 
pa]>ers  as  now  printed  are  mailed  in  advance  direct  to  the  mem- 
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bers  and  would  probably  reach  them  from  one  to  two  days  earlier 
than  if  they  were  sent  to  the  local  secretary  and  distributed  by 
him.  By  the  plan  of  the  committee  the  local  secretary  would 
not  only  have  to  eo  to  the  trouble  of  redistributing  them,  but  of 
paying  two  cents  local  postage.  We  mail  them  from  New  York 
City  at  one  cent  per  pound.  When  the  regular  mail  edition  did 
not  go  out,  the  general  secretary  even  then  could  mail  from  this 
office  direct  to  the  members  and  save  a  day's  time.  That  appears 
to  me  a  technical  objection  to  the  plan  suggested. 

Dr.  Emery  :— 1  second  the  amendment. 

Mr.  Phelps  : — I  think  Mr.  Pope  has  presented  an  extremely 
valuable  point  and  has  corrected  the  committee  in  an  important 
matter.  As  a  member  of  the  committee  I  can  say  that  I  be- 
lieve the  impression  of  the  committee  was — it  was  my  own  im- 
pression— that  at  present  the  advance  copies  of  papers  were  only 
sent  out  within  a  restricted  district.  I  was  not  aware  that  they 
went  to  the  entire  membership  of  the  Institute.  If  that  is  the 
case  I  can  readily  see  that  some  amendment  to  this  section  is 
desirable. 

The  Secretary  : — I  would  say  further,  Mr.  President,  that 
ordinarily  it  is  my  purpose  to  get  them  in  the  mail  on  Saturday 
night.  In  that  case  they  reach  Chicago,  for  instance,  on  Monday 
morning,  at  the  same  time  that  they  are  distributed  in  New  York 
City,  which  is  perhaps  two  or  three  days  in  advance  of  the  meet- 
ing. 

Mr.  Phelps  :  —Then  they  are,  as  a  matter  of  fact,  sent  to  the 
entire  list  of  members  i 

The  Secretary: — They  are  all  mailed  at  the  same  time. 

Mr.  Hammer  : — A  change  of  a  few  words  here  would  meet  the 
ditBculty,  I  think.  "Wherever  local  meetings  shall  have  been 
provided  for,  as  in  the  foregoing  section,  the  local  honorary  secre- 
tnry  shall  be  supplied  by  the  Secretary  of  the  Institute  with  a 
number  of  advance  copies  of  papers  to  be  read  before  the  Insti- 
TCTTE,  which  copies  of  papers  he  shall  distribute  to  the  members 
*  at '  their  local  meeting  ",  lining  the  word  "  at "  instead  of  "  before  ". 
It  seems  to  me  that  the  insertion  of  those  three  words  would  cover 
that  point,  and  not  at  all  interfere  with  Mr.  Pope's  suggestion. 

The  President: — Mr.  Hammer  moves  to  amend  as  follows: 
To  insert  after  the  word  "  with"  "a  number  of",  making  it  read 
"  with  a  number  of  advance  copies  " ;  and  to  strike  out  the  word 
"  before"  and  substitute  the  word  "  at",  making  the  clauses  read 
"  which  copies  he  shall  distribute  to  the  local  members  at  their 
local  meetings"  ;  making  the  whole  clause  read  as  follows : 

"  Wherever  local  meetings  shall  have  been  provided  for  as  in 
"  the  foregoing  section,  the  local  honorary  secretary  shall  be  sup- 
"  plied  by  the  Secretary  of  the  Institute  with  a  number  of  ad- 
"  vance  copies  of  papers  to  be  read  before  the  Institute,  which 
"  copies  he  shall  distribute  to  the  local  members  at  their  local 
"  meetings  ". 


614  LOCAL  MEETINGS  OF  THE  INSTITUTE.         [Nov.  15, 

Mr.  Phelps: — I  suggest  the  insertion  of  the  word  " suitable " 
— a  suitable  number. 

The  President  : — Do  you  accept  that  ? 

Mr.  Hammer  : — Yes,  sir. 

Secretary  Pope: — I  suggest  the  substitution   of  the  word 
"  may  "  for  "  shall ". 

The  President  : — Do  you  accept  that  ? 

Mr.  Hammer  : — Yes,  sir. 

The  President  : — Gentlemen,  arc  you  ready  to  vote  on  the 
amendment  ? 

Those  in  faror  of  amending  Paragraph  D  of  Section  3,  as 
read,  will  signify  their  assent  by  saying  aye — contrary  minded, 
no. 

iThe  motion  was  carried.] 
'he  President  : — Now  we  will  take  a  vote  on  the  article  aB 
amended. 

Mr.  Martin  : — I  would  like  to  ask  for  information,  Mr.  Presi- 
dent, about  this  very  important  point  as  it  seems  to  me.  The 
local  honorary  secretary  is  burdened  with  transmitting  to  the 
Secretary  of  the  Institute  the  discussion  at  the  local  meetings. 
I  would  like  to  understand  how  that  is  to  be  done  and  what  it 
would  lead  up  to,  and  where  we  shall  come  out. 

Dr.  Emery  : — There  is  a  further  point — who  is  to  discuss  the 
papers  ?  That  raises  the  question  at  once  of  local  membership  of 
this  society.  It  was  attempted  at  one  time  to  get  some  revenue 
from  such  discussions,  but  it  is  not  well  to  bring  that  question  up 
now,  but  only  to  see  that  it  must  be  met  sometime.  Tne  question 
is  whether  we  shall  say  the  discussions  shall  be  by  members  of  the 
Institute  only. 

The  President  : — We  will  take  these  two  points  up  separately. 
Mr.  Martin  wishes  to  ask  liow  the  discussions  shall  be  obtained  by 
the  local  honorary  secretary.    Shall  they  be  stenographic  reports? 

Mr.  Martin  : — We  have  already  decided,  I  think  that  is  the 
understanding,  that  this  Rule  VI  is  not  to  have  a  great  deal  of 
influence  upon  us  in  the  discussion  of  this  matter,  but  it  is  pro- 
vided in  the  rule  that  any  member  or  associate  may  introduce  a 
stranger  in  the  meeting  and  that  the  latter  shall  not  take  part  in 
the  discussion  except  with  the  consent  of  the  meeting.  If  we 
apply  that  rule  to  such  meetings  it  seems  to  me  we  have  protected 
ourselves  with  a  safeguard  against  any  such  contingency. 

The  President: — I  think  it  would  be  well  to  put  a  clause  in 
that  no  stranger  shall  take  part  in  the  discussions  or  proceedings 
of  such  meetings.  Would  you  add  without  the  consent  of  the 
meeting? 

Mr.  Martin  : — My  idea  is  that  as  far  as  possible,  without  in 
any  way  limiting  the  liberty  of  the  meeting,  but  in  order  to  get 
harmonious  and  similar  action  everywhere,  the  conditions  should 
be  the  same  everywhere,  so  that  tlie  paper  is  discussed  at  each 
meeting  under  like  conditions.     Now  we  make  a  provision  here 
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in  this  rale  in  regard  to  the  people  who  should  be  allowed  to  take 
part  in  the  proceedings,  and  buch  a  limitation,  it  seems  to  me, 
would  be  just  as  pertment  anywhere  else  as  it  is  here  in  New 
York.  That  is  the  point  I  am  making.  It  seems  to  me  that  we 
do  not  want  to  dictate  to  any  local  meeting  any  more  than  is 
necessary,  but  it  would  be  very  awkward  indeed  to  have  a  lot  of 
discussion  tumbling  in  upon  the  Secretary  from  people  who  have 
been  invited  to  speak  and  then  after  their  remarks  have  been 
accepted  to  have  them  ruled  out  at  some  subsequent  time.  Even 
chairmen  of  committees  come  under  that  ordeal  occasionally,  and 
it  is  not  at  all  pleasant. 

The  President  : — Do  you  make  a  motion  to  that  effect  ? 

Mk.  Martin  : — I  wouM  make  a  motion  that  that  clause  be 
added — that  any  member  or  associate  may  introduce  a  stranger 
to  the  meeting,  but  the  latter  shall  not  take  part  in  the  proceed- 
ings without  the  consent  of  the  meeting. 

Thk  President: — I  understand  Mr.  Martin  to  have  made  this 
motion.  That  there  be  added  to  Section  D  of  Article  3  of 
this  report  the  following :  ''  Any  member  or  associate  may  intro- 
"  duce  a  stranger  to  any  meeting,  but  the  latter  shall  not  take 
"  part  in  the  proceedings  without  the  consent  of  the  meeting." 

[Mr.  Martin's  amendment  was  adopted.] 

Mr.  Martin  : — There  is  a  further  question  I  want  to  raise  here, 
and  that  is  about  getting  that  report.  As  I  understand  it,  these 
local  secretaries  will  do  this  work  out  of  love  for  the  Institute, 
and  in  one  way  or  another  there  will  be  plenty  of  work  for  the 
secretary.  Do  we  expect  him  to  make  us  a  precis  of  what  takes 
place,  or  do  we  expect  him  lo  get  a  stenographer  and  send  in 
a  full  verbatim  report  of  whatever  takes  place  there  ?  Or  what 
do  we  want? 

The  President  : — I  think  that  would  be  left  to  them. 

Mr.  Phelps  : — If  I  may  be  permitted,  I  think  the  committee 
was  very  desirous  of  not  prescribing  any  very  particular  rule  or 
method  for  these  local  meetings.  It  was  desired  to  leave  them  as 
far  as  possible  to  their  own  devices.  Now,  it  would  be  obviously 
to  the  interest  of  those  local  meetings  to  take  their  own  meas- 
sures  for  having  accurate  reports  of  what  they  do,  and  send 
them  here.  The  publication  being  under  the  same  restrictions 
as  the  publication  of  proceedings  here.  There  would  be  very 
little  difficulty  on  the  part  of  the  editing  committee,  to  dispose 
of  them.  I  think  it  would  be  best  to  leave  them  to  their  own 
devices  in  that  regard. 

Mr.  Martin  : — As  it  stands,  the  remarks  made  in  these  meet- 
ings here  in  New  York,  are  taken  down  in  full  and  that  is  done 
at  the  expense  of  the  Institute.  We  may  consider  ourselves  a 
meeting  of  the  Institute,  and  practically  are,  for  all  purposes,  at 
the  present  minute.  But  whether  we  like  it  or  whether  we  do 
not,  we  are  simply  the  New  York  section  of  the  Institute  sit- 
ting here  to-night,  as  a  matter  of  fact,  in  the  constitution  of  the 
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meeting  to-night.  Now  I  think  we  want  to  get  these  things  as 
nearly  as  possible  on  an  eqaal  footing  with  equal  liberty  all 
around. 

The  President  : — Were  it  not  for  the  fact  that  we  are  not 
discussing  that,  I  would  like  to  ask  Mr.  Martin's  reasons  for  that 
statement. 

Mr.  MAJtTiN: — Excuse  me,  sir.  We  have  probably  coming 
before  us,  at  an  early  date,  a  paper  by  a  Chicago  member,  and 
the  discussion  very  likelv  may  take  place  largely  in  Chicago. 
Now  I  think  that  we  would  like  to  have  that  discussion  as  full  as 
possible,  and  I  think  we  want  to  have  a  pretty  clear  understand- 
ing how  that  is  going  to  be  done ;  at  our  expense,  or  whether  the 
local  members  who  are  to  take  part  in  that,  having  already  paid 
their  subscriptions  to  the  Institute,  are  to  make  an  additional 
subscription  for  the  sake  of  getting  their  remarks  into  print,  I 
really  think  it  is  a  very  material  and  essential  point. 

Thk  President: — 1  understood  you  to  say  that  whether  we 
like  it  or  not,  we  are  sitting  here — will  the  stenographer  read  it? 

[The  stenographer  read  Mr.  Martin's  remarks.] 

The  President  : — That  I  take  exception  to,  as  President  of 
the  American  Institute  of  Electrical  Engineers.  We  are 
not  the  New  York  section,  but  we  are  the  Institute. 

Mr.  Martin  : — Well,  Mr.  President,  I  like  to  hear  such  sen- 
timents from  yourself,  being  a  Philadelphian.  [laughter.]  But 
I  am  glad  to  stand  up  here  to-night  and  say  I  believe  that  that 
feeling  I  expressed  is  largely  the  feeling  of  the  members 
throughout  the  country,  and  in  every  word  I  say,  and  in  every 
remark  I  make  upon  the  subject,  I  am  trying  to  consider  the  in- 
terest of  these  men.  If  there  is  anything  we  can  do  to-night 
that  would  give  us  a  larger  niembersliip  in  any  of  those  places 
than  we  have  to-day,  if  instead  of  having  thirty  members  in 
Chicago  we  can  get  three  hundred,  I  think  that,  as  members  of 
the  Institute,  seeking  its  best  and  its  largest  interest,  we  should 
take  just  that  action  which  will  secure  us  that  number  of  mem- 
bers. 

The  President  : — I  am  rather  sorry  that  the  discussion  has 
taken  this  phase.  Yet  I  never  object  to  taking  the  bull  by  the 
horns  when  I  meet  him.  It  only  sliows  that  what  I  said  early  in 
the  meeting,  as  to  the  danger  I  apprehended  in  the  near  future 
coming  from  this  tendency  to  divide  into  sections,  has  come  some- 
what sooner  than  I  thought  it  would.  But  that  is  the  question 
that  we  have  to  meet.  Now  I  question  whether  any  very  great 
majority  of  us  here  would  at  all  like  to  be  considered  as  the 
New  York  section,  and  I  question  whether  the  truest  interests  of 
the  American  Institute  of  Electrical  Engineers  would  be  at 
all  subserved  by  any  such  feeling.  There  must  be  some  rulii^, 
governing  body,  and  we  are  as  competent  to  be  that  here — I  do 
not  say  that  out  of  any  local  pride — we  are  more  competent  to 
be   that  here,  because   the  Institute  had   its  birthplace  practi- 
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cally  here,  and  has  had  its  home  heFe  for  some  time,  and  I  do 
think,  especially  at  the  present  time,  when  the  Institute  appears 
to  be  entering  on  a  career  of  usefulness,  that  we  ought  to  be  ex- 
ceedingly careful  in  our  legislation  how  we  permit  anything  to 
enter  into  our  ranks  which  will  tend  to  separation  rather  tlian 
concentration,  to  dilution  rather  than  concentration. 

Mk.  Mabtin  : — I  have  had  the  pleasure  of  spending  a  month 
recently  in  Chic^o,  where  I  have  spoken  with  many  of  our  dis- 
tant members.  The  one  desire  of  tliose  men  is  to  have  no  divi- 
sion or  separation,  but  to  remain  in  the  Institute  and  to  get  the 
most  they  can  out  of  it,  and  they  think  tliey  can  get  the  most 
out  of  it,  that  they  can  help  to  increase  its  influence,  its  reputa- 
tion, and  its  glory  by  having  some  such  arrangement  as  we  are 
working  for  to-night.  What  that  may  lead  us  to,  I  do  not  know. 
This  a  country  wnere  the  federal  system  has  won  its  greatest 
triumphs,  and  I  think  we  can  adopt  tliat  system  in  the  Institute 
just  as  well  as  in  our  national  government. 

The  Pkesident  : — I  am  verv  glad  to  hear  Mr.  Martin  say  that. 
For  the  point  that  struck  considerable  alann  in  my  heart  was  the 
statement  which  still  rankles  in  my  mind  that  we  are  the  New 
York  section. 

Mr.  Martin  : — I  will  say  the  New  York  and  Philadelphia 
section,  if  that  will  please  you,  sir. 

Mr.  a.  E.  Kennelly  : — Concerning  the  question  raised  by 
Mr.  Martin,  suppose  that  a  paper  from  a  section  is  brought  to 
New  York  to  be  read,  that  by  reason  of  the  attendant  circum- 
stances most  of  the  discussion  of  that  paper  will  take  place  at 
the  locality  where  its  author  resides;  under  the  arrangement 
that  is  suggested  in  this  report  there  is  no  provision  for  a  steno- 
graphic report  except  at  the  expense  of  the  local  members.  It 
would  be  impossible  to  make  arrangements  generally  for  steno- 
graphic reports.  When  all  the  local  sections  that  meet  under 
such  a  regime  come  into  existence,  that  matter  would  surely  have 
to  be  undertaken  at  the  Outset  at  least,  by  the  local  sections 
themselves,  and  if  any  such  assemblage  finds  that  it  cannot  under- 
take a  stenographic  report,  surely  the  individual  speakers  are 
capable  of  writmg  their  own  reports  and  transmitting  them 
through  the  secretary. 

The  President  : — Do  I  understand  Mr.  Martin  wishes  to  add 
any  further  amendment  to  D  ? 

Mr.  Martin  : — I  simply  threw  out  those  remarks  for  discussion. 
This  committee's  report,  as  a  whole,  is  very  wise  and  is  so  liberal, 
so  broad  in  its  scope,  that  there  is  really  very  little  to  improve 
upon.  But  at  the  same  time  I  think  we  want  to  understand 
clearly  and  fully  what  we  are  doing.  When  we  see  these  bulls 
we  want  to  take  them  by  the  horns  and  throw  them.  If  we 
simply  let  these  points  slide  now,  I  think  we  will  re^et  by  and 
by  that  we  passed  them  over  in  this  graceful  and  elusive  manner. 
i:  Mr.  R.  O.  Heinrich  : — The  amendment  of  Mr.  Martin  is  covered 
in  the  Rules  of  the  Institute,  and  I  beg  to  ask  the  <\ueatloiv  how 
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far  the  Rules  of  the  Institute  apply  to  these  intended  meetings, 
whether  there  is  anything  specified  in  the  report  of  the  committee 
how  far  the  general  rules,  with  all  their  amendments,  apply  to  the 
meetings  of  the  local  sections.  I  refer  to  the  amendment  of  the 
rule ;  tne  part  of  Rule  VI  which  refers  to  the  taking  part  in  the 
discussion  oy  a  stranger.  As  I  understand,  it  is  contained  in  Mr. 
Martin's  amendment. 

The  President  : — That  has  all  been  passed. 

Mb.  Heinrich  : — I  simply  asked  the  question, — since  this  is 
contained  in  the  Rules  of  tne  Institute,  why  is  it  put  in  there 
again  ?  That  would  rather  indicate  that  the  general  rules  of  the 
Institute  would  not  apply  to  the  local  meetings  if  we  have  topnt 
it  in  again  here. 

The  President  : — I  think  it  is  perfectly  proper  to  put  it  in. 
As  I  understand  it,  these  local  meetings  are  not  actual  meetings 
of  the  Institute.     I  do  not  see  how  they  can  be.     We  cannot 
have  more  than  one  Institute.     They  are  meetings  of  members 
who  cannot  attend  at  the  fountain  head.    We  can  get  a  repetition 
to  a  certain  extent.     You  cannot  regard  these  as  absolute  meet- 
ings of  the  Institute.    As  soon  as  you  do  you  must  have  anarchy. 
There  can  be  but  one  head-centre.     I  think  it  is  perfectly  proper 
to  put  that  in.     Now,  gentlemen,  these  very  discussions  bring  to 
my  mind  more  clearly  than  anything  else  possibly  can,  at  the  verv 
outset  when  we  are  trying  to  arrange  for  meetings  which  shall 
not  absolutely  be  meetings  of  the  Institute — somebody  gets  up 
and  asks  how  are  these  going  to  be  meetings  of  the  Institute  I 
They  cannot  be  really  meetings  of  the  Institute  unless  you 
acknowledge  tliat  you  liave  separated  your  Institute  up  into  as 
many  parts  as  there  are  separate  meetings.     Therefore  you  have 
sometliing  superadded,  not  so  much  as  a  part  of  the  thing  but  as 
a  place  where  the  members  can  get  an  early  account  of  what  is 
going  on  at  the   Institute.     Tlierefore  I  think  it  is  perfectly 
proper  to  ])rescribe  rules  and  very  necessary  to  prescribe  rules. 

Mr.  Wolcott  : — Then  it  is  the  ruling  oi  the  Chair  that  these 
Rules  we  have  here  do  not  apply  to  those  local  meetings  unless 
they  are  adopted  again  for  the  local  meeting. 

'The  President  : — That  would  be  my  idea  exactly. 

Mr.  Wolcott  : — It  would  seem  to  me  that  the  way  to  keep 
the  Institute  whole  would  be  to  have  those  same  Rules  for  all 
those  meetings.  Now  i\&  I  understand  it  the  meetings  will  be 
without  rules,  and  they  will  go  on  without  rules  or  will  adopt 
rules  for  themselves. 

The  President: — Gentlemen,  you  will  pardon  me.  I  must 
ask  the  members  to  have  some  consideration  of  rules  of  order. 
We  are  now  discussing  D.  We  stopped  on  Rule  VI.  some  time 
ago.  Those  in  favor  of  Section  D  standing  as  amended,  will 
signify  their  assent  by  saying  aye — contrary  minded,  no. 

[The  motion  was  carried.] 

The  President  [Reading]  : — "  E.  The  local  honorary  secretary 
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"  shall  transmit  to  the  Secretary  of  the  Institute  all  papers 
"  offered  by  local  members,  but  any  member  may  send  papers 
"  directly  to  the  Secretary  of  the  Institute." 

Mr.  Hammer  : — I  move  that  it  be  adopted. 

[The  motion  was  carried  J 

The  President  : — "  F.  Tlie  publication  of  the  discussion  at 
"  the  local  meetings  in  the  Transactions  of  the  Institute  shall 
"  be  subject  to  the  same  regulations  and  restrictions  as  govern 
"  the  publication  of  discussions  at  the  regular  meetings  of  the 
"  Institute.  No  publications  of  papers  or  discussions  at  local 
"  meetings  in  local  or  other  journals  or  newspapers  is  to  be  per- 
"  mitted  without  the  sanction  of  the  Council,  or  the  Secretary 
"  of  the  Institute." 

Dr.  Emery  : — I  move  its  adoption. 

[The  motion  was  carried.] 

The  President  [Reading] : — "  G.  The  expense  of  local  meet- 
"  ings  shall  be  borne  by  the  local  members  and  shall  not  become 
"  a  cnarge  upon  the  funds  of  the  Institute."  Will  you  consider 
that  in  connection  with  the  note  ?  I  will  read  the  note  :  "  Re- 
"  ferring  to  Section  G,  above,  relating  to  the  expense  of  local 
"  meetings,  the  committee  believes  that  when  gatherings  of  local 
"  members  shall  assume  large  proportions,  say  to  the  number  of 
"  one  hundred,  as  they  may  well  do  in  some  localities,  it  will 
"  then  be  advisable  to  consider  charging  some  portion  of  the  ex- 
"  pense  of  local  meetings  upon  the  funds  of  the  Institute." 

Dr.  Emery  : — I  would  suggest  that  the  words  "  in  general " 
be  put  before  the  section,  and  that  a  clause  be  added  modifying 
the  previous  words,  at  the  discretion  of  the  Council.  I  do  not 
recollect  the  words  well  enough  to  put  the  words  I  propose  in 
there.  But  I  would  like  to  have  the  discretion  left  to  the  Coun- 
cil to  pay  some  expenses. 

The  President  : — I  will  read  so  that  you  can  put  in :  "  In 
"  general  the  expense  of  local  meetings  should  be  borne  by  the 
"  local  members  and  not  become  a  charge  upon  the  funds  of  the 
"  Institute  unless  otherwise  ordered  by  Council." 

Dr.  Emery  : — Except  as  specially  authorized  by  Council." 

The  President  : — Except  it  may  be  authorized  by  Council. 

Mr.  Phelps  : — I  fear  the  effects  of  that  amendment.  I  fear  it 
would  lead  to  invidious  distinctions.  If  we  were  to  have  special 
local  meetings  and  the  considering  of  bearing  the  expense  was 
left  to  the  Council,  they  might  elect  to  pay  them  in  one  locality 
on  one  particular  occasion  and  not  in  another  locality  and  on 
another  occasion.  And  I  fear  that  a  general  rule  would  be  the 
only  way  in  which  we  could  meet  that  thing. 

The  President  : — Is  Dr.  Emery's  motion  seconded  ? 

Mr.  Hammer  : — In  Chicago  I  believe  the  Armour  Institute 
has  extended  privileges  to  local  members  if  they  organize  there, 
and  I  think  the  same  thing  would  be  done  in  Boston,  and  I 
think  die  Franklin  Institute  will  offer  similar  facilities  in  Phila- 
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far  the  Rules  of  the  Institute  apply  to  these  intended  meetings, 
whether  there  is  anything  si)eciiiea  in  the  report  of  the  committee 
how  far  the  general  rules,  with  all  their  amendments,  apply  to  the 
meeting  of  the  local  sections.  I  refer  to  the  amendment  of  tbe 
rule ;  the  part  of  Rule  VI  which  refers  to  the  taking  part  in  the 
discussion  by  a  stranger.  As  I  understand,  it  is  contained  in  Mr. 
Martin's  amendment. 

The  President  : — That  has  all  been  passed. 

Mr.  Heinrioh  : — I  simply  asked  the  question, — since  this  is 
contained  in  the  Rules  of  the  Insttiute,  why  is  it  put  in  there 
again  ?  That  would  rather  indicate  that  the  general  rules  of  the 
Institute  would  not  apply  to  the  local  meetings  if  we  have  to  put 
it  in  again  here. 

The  President  :— I  think  it  is  perfectly  proper  to  put  it  in. 
As  I  understand  it,  these  local  meeting  are  not  actual  meetings 
of  the  Institute.     I  do  not  see  how  they  can  be.     We  cannot 
have  more  than  one  Institute.     They  are  meetings  of  members 
who  cannot  attend  at  the  fountain  head.    We  can  get  a  repetition 
to  a  certain  extent.     You  cannot  regard  these  as  absolute  meet- 
ings of  the  Institute.    As  soon  as  you  do  you  must  have  anarchy. 
There  can  be  but  one  head-centre.     I  think  it  is  perfectly  proper 
to  put  that  in.     Now,  gentlemen,  these  very  discussions  bring  to 
my  mind  more  clearly  tlian  anything  else  possibly  can,  at  the  very 
outset  when  we  are  trying  to  arrange  for  meetings  which  shall 
not  absolutely  be  meetings  of  the  Institute — somebody  gets  up 
and  asks  how  are  these  going  to  be  meetings  of  the  Institute? 
They  cannot  be  really  meetings  of  the  Institute  unless  you 
acknowledge  tliat  you  liave  separated  your  Institute  up  into  as 
many  parts  as  there  are  separate  meetings.     Tlierefore  you  have 
something  superadded,  not  so  much  as  a  part  of  the  thing  but  as 
a  place  wliere  the  members  can  get  an  early  account  of  what  is 
going  on  at  the  Institute.     Therefore  I  think  it  is  perfectly 
proper  to  prescribe  rules  and  very'  necessary  to  prescribe  rules. 

JVlR.  Wolcott  : — Then  it  is  the  ruling  of  the  Chair  that  these 
Rules  we  have  here  do  not  apply  to  those  local  meetings  unless 
they  are  adopted  again  for  the  local  meeting. 

I'hk  Prp:8Idknt  : — That  would  be  my  idea  exactly. 

Mr.  Wolcott  : — It  would  seem  to  me  that  the  way  to  keep 
the  Institute  wliole  would  be  to  have  those  same  Bules  for  all 
those  meetings.  Xow  as  I  understand  it  the  meetings  will  be 
without  rules,  and  they  will  go  on  without  rules  or  will  adopt 
rules  for  themselves. 

The  President: — Gentlemen,  you  will  pardon  me.  I  must 
ask  the  members  to  have  some  consideration  of  rules  of  order. 
We  are  now  discussing  D.  We  stopped  on  Rule  VI.  some  time 
ago.  Those  in  favor  of  Section  L>  standing  as  amended,  will 
signify  their  assent  by  saying  aye — contrary  minded,  no. 

[The  motion  was  carried.] 

The  President  [Reading] : — "  E.  The  local  honorary  secretary 


1808.]  DISCUSSION.  619 

"  shall  transmit  to  the  Secretary  of  the  Institute  all  papers 
"  oflfered  by  local  members,  but  any  member  may  send  papers 
"  directly  to  the  Secretary  of  the  Institute." 

Mr.  Hammek  : — I  move  that  it  be  adopted. 

[The  motion  was  carried  J 

The  President  : — "  F.  The  publication  of  the  discussion  at 
"  the  local  meetings  in  the  Transactions  of  the  Institute  shall 
"  be  subject  to  the  same  regulations  and  restrictions  as  govern 
"  the  publication  of  discussions  at  the  regular  meetings  of  the 
"  Institute.  Xo  publications  of  papers  or  discussions  at  local 
"  meetings  in  local  or  other  journals  or  newspapers  is  to  be  per- 
"  mitted  without  the  sanction  of  the  Council,  or  the  Secretary 
"  of  the  Institute." 

Dr.  Emery  : — I  move  its  adoption. 

[The  motion  was  carried.] 

The  President  [Reading] : — "  G.  The  expense  of  local  meet- 
"  ings  shall  be  borne  by  the  local  members  and  shall  not  become 
"  a  cnarge  upon  the  funds  of  the  Institute."  Will  you  consider 
that  in  connection  with  the  note  ?  I  will  read  the  note  :  "  Re- 
"  ferring  to  Section  G,  above,  relating  to  the  expense  of  local 
"  meetings,  the  committee  believes  that  when  gatherings  of  local 
"  members  shall  assume  large  proportions,  say  to  the  number  of 
"  one  hundred,  as  they  may  well  do  in  some  localities,  it  will 
"  then  be  advisable  to  consider  charffing  some  portion  of  the  ex- 
"  pense  of  local  meetings  upon  the  funds  of  the  Institute." 

Dr.  Emery  : — I  would  suggest  that  the  words  "  in  general " 
be  put  before  the  section,  and  that  a  clause  be  added  modif^dng 
the  previous  words,  at  the  discretion  of  the  Council.  I  do  not 
recollect  the  words  well  enough  to  put  the  words  I  propose  in 
there.  But  I  would  like  to  have  the  discretion  left  to  the  Coun- 
cil to  pay  some  expenses. 

The  President  : — I  will  read  so  that  you  can  put  in :  "  In 
"  general  the  expense  of  local  meetings  should  be  borne  by  the 
"  local  members  and  not  become  a  charge  upon  the  funds  of  the 
"  Institute  unless  otherwise  ordered  by  Council." 

Dr.  Emery  : — Except  as  specially  authorized  by  Council." 

The  President  : — Except  it  may  be  authorized  by  Council. 

Mr.  Phelps  : — I  fear  the  effects  of  that  amendment.  I  fear  it 
would  lead  to  invidious  distinctions.  If  we  were  to  have  special 
local  meetings  and  the  considering  of  bearing  the  expense  was 
left  to  the  Council,  they  might  elect  to  pay  them  in  one  locality 
on  one  particular  occasion  and  not  in  another  locality  and  on 
another  occasion.  And  I  fear  that  a  general  rule  would  be  the 
only  way  in  which  we  could  meet  that  thing. 

The  president  : — Is  Dr.  Emery's  motion  seconded  ? 

Mr.  Hammer  : — In  Chicago  I  believe  the  Annour  Institute 
has  extended  privileges  to  local  members  if  they  organize  there, 
and  I  think  the  same  thing  would  be  done  in  Boston,  and  I 
think  the  Franklin  Institute  will  offer  similar  facilities  in  Phila- 
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delpliia,  and  the  very  important  expense  there  will  be  assumed 
until  the  local  membership  becomes  so  lai^e  that  they  feel  they 
want  to  have  some  special  headquaiters.  The  view  oi  the  Com- 
mittee was  to  show  the  disposition  of  the  Institute  to  meet  that 
point,  so  that  when  these  meetings  grew  to  be  an  important  factor 
or  an  important  portion  of  the  Institute  in  point  of  numbers  that 
the  Institute  would  then  take  some  steps  to  assume  a  portion  of 
their  expense. 

Mr.  Martin  : — I  would  like  to  say  that  while  in  no  wise  do  I 
take  back  what  I  said  before  about  sharing  the  expense  of  the 
reports,  Mr.  Phelps^  remarks  strike  me  as  admirable  and  weighty 
in  tliis  respect.     We  are  going  to  leave  upon  these  men  locally 
the  extra  expenses,  as  I  understand  it,  as  they  crop  up,  unlegg 
they  happen  to  run  up  over  a  hundred.     As  a  general  thing  it 
seems  to  me  it  is  a  better  j)olicy  to  help  the  weak  rather  than  the 
strong,  and  perhaps  a  little  handful  of  fifteen  or  thirty  men  would 
need  and  deserve  our  assistance  more  than  a  bodv  that  happened 
to  be  a  hundred  strong.     Take,  for  instance,  the  little  handful  of 
thirty  at  Lynn  at  the  present  time.     We  have  read  a  piece  of 
poetry  that  tells  us  that  even  the  Thomson  Scientific  Club  cannot 
pay  its  rent.     I  think  we  should  extend  the  light  of  our  counte- 
nance to  our  friends  at  Lynn,  and  if  they  have  a  rattling  good 
discussion,  to  chip  in  and  pay  part  of  the  expense.     But  as  Mr. 
Phelps  thinks  it  is  hard  to  choose  in  that  way,  perhaps  they  will 
tax  tnemselves  two  or  three  dollars  a  head.     I  tliink  m  the  long, 
perhaps  in  the  short  run,  it  will  lead  to  a  general  toning  up  of 
the  subscriptions.     I  know  as  a  New  York  member  I  should  not 
feel  satisfied  with  paying  ten  dollars  while  some  fellow  member 
down  South  or  out  West  is  taxing  himself  an  extra  five  dollars  to 
get  what  I  am  getting  in  New  \  ork  at  his  expense. 

Thk  Prksidknt: — I  do  not  find  that  Dr.  Emery's  motion  is 
seconded.  Am  I  wrong  ?  Will  you  take  action  then  on  Section  GJ 

Mr.  Phklps  : — Although  one  of  the  committee  who  made  this 
report,  I  can  perceive  a  great  deal  of  force  in  what  has  been  said 
with  respect  to  these  financial  questions,  and  if  the  other  members 
of  tlie  committee  think  as  I  do,  I  would  be  willing  Xo  recommend 
that  in  all  local  meetings  the  charge  for  stenographic  reports  of 
discussions  should  be  borne  by  the  Institute.  That  would  not 
be  a  very  formidable  charge.  In  respect  to  the  place  of  meeting, 
as  has  already  been  said,  in  all  places  where  we  are  at  all  likely 
to  have  any  local  meetings,  there  will  be  free  quarters  provided 
somewhere.  As  has  been  said,  they  are  offered  in  Chicago,  and 
they  are  offered  in  Philadelphia,  and  I  believe  in  Boston.  1  can 
see  the  justice  of  the  point,  especially  as  Mr.  Martin  has  presented 
it.  We  are  trying  to  offer  an  opportunity  to  members  to  take  part 
as  we  do  here.  1  do  not  know  that  it  would  be  fair  to  ask  them 
to  pay  any  more  a  year  for  the  privilege  of  doing  that  than  we  do. 

Mr.  Charles  CurrRiss : — I  must  say  that  I  cannot  agree  per- 
fecitly  with  Mr.  Phelps  in  saying  that  it  will  be  a  small  item 
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ilthough  I  allow  tliat  he  has  more  idea  of  the  expense  of  a 
stenographer  than  I  have.  But  if  any  body  of  twenty  members 
jan  get  together  and  have  their  stenographer  and  get  talking 
^dly  as  they  very  often  do,  that  man  win  have  considerable  work, 
ind  we  will  find  bills  coming  in  monthly  or  yearly,  as  the  case 
nay  be,  that  will  amount  up  into  the  fifties,  and  1  do  not  think 
that  the  Institute  wants  to  burden  itself  blindly  with  any  un- 
known expense  of  that  kind. 

Mb.  Martin  : — That  is  not  half  so  good  a  point  as  it  sounds, 
[f,  as  Mr.  Cuttriss  says,  we  did  allow  the  stenographer  to  run 
iway  with  the  report,  I  do  not  doubt  that  we  would  have  such 
bills.  But,  as  a  general  rule,  in  most  cities  you  can  get  a  meeting 
reported  for  a  flat  rate  sum — $10  or  $15.  If  we  are  going  to 
have  six  meetings,  say  $10  or  even  $15,  that  would  be  ^90. 
Suppose  we  had  eight  meetings  a  year — $720  for  stenographic 
reports  is  not  such  an  awful  load  as  to  break  this  camel's  bacK. 

The  President  : — You  will  pardon  your  Chair,  sir,  if  he  is  a 
little  obtuse.  The  discussion  appears  to  me  to  take  a  direction 
as  if  it  were  a  foregone  conclusion  tliat  those  members  were 
never  going  to  come  here  and  meet  any  more ;  that  they  had 
absolutely  gone  out  from  us  and  that  we  were  subjecting  them 
to  a  very  great  hardship  by  asking  tliem  to  pay  more  for  what 
they  get  than  for  what  we  get.  As  I  understand  it,  that  is  not 
the  position  at  all.  They  willingly  join  this  society  because 
there  is  no  other  sucli  in  this  country.  They  have  asked  in  ad- 
dition for  some  extra  privileges.  It  is  quite  right  in  equity  that 
they  should  pay  for  them.  I  think  it  would  be  very  dangerous 
for  this  society  to  assume  the  expense  of  stenographic  reports. 

Mr.  W.  B.  Vansize  : — In  regard  to  this  subject  I  should  like 
to  say  that  I  heartily  agree  with  the  expressions  and  the  opinions 
of  the  President. 

Mr.  Martin  : — It  is,  of  course,  very  unfortunate  that  those 
men  cannot  be  with  us,  men  who  have  been  in  our  fellowship 
and  who  can  really  appreciate  and  enjoy  what  they  know  as  an 
Institute  meeting.  1  cannot  blame  those  men  for  desiring  to 
establish  with  the  old  fire  a  new  altar  and  a  new  hearth  some- 
where else.  I  have  spoken  with  men  who  come  from  far  West- 
em  States  in  some  of  the  largest  cities  there,  and  I  have  no  doubt 
they  would  like  to  be  here  and  enjoy  the  fleshpots  of  Egypt. 
But  they  have  taken  their  fleshpots  in  their  hands  and  gone 
West.  But  I  think  we  ought  to  want  to  be  with  them  and  wish 
them  all  the  Godspeed  we  can,  and  simply  because  we  happen 
to  stay  behind  not  to  want  to  keep  to  ourselves  all  that  happens 
to  be  left  behind.  These  men  are  willing  not  only  to  stand  up 
and  be  counted,  but  are  willing  to  stand  the  expense  that  will 
come  from  this  new  regime.  I  think  the  reaction  may  be  such  as 
Mr.  Phelps  has  said  as  to  the  New  York  members,  that  when  we 
find  these  men  are  paying  more  we  will  not  sit  down  quietly  and 
allow  them  to  do  it. 
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Prof.  Francis  B.  Crocker: — I  think  the  idea  of  having 
stenographic  reports  of  local  meetings  paid  by  the  Instttdte  at 
the  present  time,  at  the  beginning  of  tnis  experimental  matter, 
is  injudicious.  In  the  first  place  it  would  be  very  expensive. 
I  have  had  some  little  experience  with  stenographic  reports 
durinff  the  last  summer.  Iiow  can  you  give  the  man  who  lives 
in  a  place  where  he  is  the  only  member  perhaps,  how  can  yon 

?Ve  him  the  same  for  his  money  as  the  man  who  lives  in  Isew 
ork  ?  It  is  an  impossibility.  That  is  his  misfortune.  Wlien 
I  went  to  Chicago  to  the  Fair,  I  was  not  paid  my  railroad  fare 
by  the  citizens  of  Chicago.  It  was  simply  my  misfortune  that 
I  lived  in  New  York  and  had  to  go  to  Chicago  in  order  to  see 
the  Fair.  It  seems  to  me  that  the  geographical  distribution  of 
cities  in  the  United  States  is  not  the  fault  of  the  Institute  and 
cannot  be  rectified  by  it.  [Laughter.]  A  thing  like  that  is  so 
self-evident,  so  palpable  even  to  local  members,  that  I  think  no 
one  could  possibly  expect,  especially  a  resident  of  a  small  town, 
that  he  could  have  equal  advantages.  The  Institute  now  has 
all  it  can  do  to  pay  the  necessary  expenses  of  carrying  on  the 
main  body.  If  in  any  way  it  can  help  out  of  town  members,  I 
should  be  heartily  in  ^avor  of  doing  it.  But  when  it  comes  to 
paying  just  as  much  in  every  place  where  they  can  raise  twenty 
members  as  the  main  body  pays  here,  it  seems  to  me  entirely  un- 
reasonable. 

Mr.  Phelps: — We  have  all  of  us  talked  to-night  on  the 
assumption  that  the  moment  we  pass  this  legislation  we  shall  be 
surrounded  with  a  swarm  of  local  meetings  in  all  parts  of  the 
country  and  that  they  are  likely  to  overwhelm  us  and  ride  over 
us  and  S(|uelch  us.  As  a  matter  of  fact,  I  think  we  are  talking 
about  a  man  of  straw.  I  do  not  think  there  will  be,  in  a  year 
from  now,  more  than  two  local  meetings,  even  if  there  be  one, 
and  the  purpose  of  the  committee  was  to  offer  a  tentative  scheme 
which  could  not  be  objected  to  by  the  people  in  two  or  three 
regions  who  have  been  talking  of  local  meetings.  This  subject 
was  first  brought  up  last  spring  in  respect  to  California.  Every 
opportunity  was  given  to  the  people  out  there  to  tell  us  what  they 
wanted.  I  believe  we  have  heard  nothing  definite  from  them 
since.  At  Chicago  tliere  has  been  some  movement  toward  local 
meetings,  which  is  likely  to  take  some  active  shape  after  some 
action  of  our  own.  But  any  apprehension  that  we  have  of  a 
multitude  of  meetings  in  small  towns  all  over  the  country  is  a 
bugbear. 

Mr.  Nklson  W.  Perry  : — I  have  been  in  Chicago  about  six 
months,  and  I  think,  so  far  as  the  feeling  there  is  crystallized, 
the  members  out  there  do  not  want  us  to  go  to  any  extra  expense. 
They  are  willing  to  stand  whatever  extra  expense  there  may  be. 
It  seems  to  me  that  it  is  perfectly  absurd  for  us  to  pay  the  local 
expenses  there,  because  we  cannot  tell  what  they  may  be.     We 
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are  not  asked  to  do  that.  I  endorse  the  recommendation  of  the 
committee  thoroughly  from  beginning  to  end. 

The  Pkesident  : — The  question  now  is  on  Section  G :  "  The 
expense  of  local  meetings  shall  be  borne  by  the  local  members 
and  not  become  a  charge  upon  the  funds  of  the  Institute." 
Will  you  take  a  vote  on  the  section  as  it  stands  ?  Those  in  favor 
of  passing  it  as  it  stands  will  signify  their  assent  by  saying  aye — 
contrary  minded,  no. 

[The  motion  was  carried.] 

The  President  [reading  "  H."] : — The  title,  name  and  address 
of  each  local  honorary  secretary  sliall  be  printed  in  the  publica- 
tions of  the  Institute. 

A  Member  : — I  move  that  it  be  adopted  as  read. 

[The  motion  was  carried.] 

The  President  : — Will  you  now  move  to  adopt  the  report  as  a 
whole  ? 

A  Member  : — I  move  that  the  report  be  adopted  as  a  whole. 

[The  motion  was  carried.] 

Report  of  Committee  on  Local  Meetings. 


To  the  Council. 

Your  Committee,  appoiDted  at  the  meeting  of  the  iDstitute  of  October  18tli, 
to  consider  the  subject  of  Local  Meetings,  beg  to  report  as  follows  : — 

1st.  It  is  the  opinion  of  the  Committee  that  provision  should  be  made  for 
local  meetings  of  the  members  at  points  inconveniently  distant  from  New 
York  for  the  reading  and  discussion  of  papers  accepted  by  the  Institute. 

2d.  The  Committee  is  of  opinion  that  the  provision  in  Section  VI.  of  the 
Rules  of  the  Institute,  authorizing  the  Secretary  to  "call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members  "  was  not  intended  to  and 
does  not  cover  local  meetings  of  the  character  contemplated  in  this  report. 

8d.  The  Committee  presents  the  following  plan  for  the  holding  of  local 
meetings  of  members : — 

A.  When  not  less  than  twenty  members  in  any  stated  locality  shall  in  writing 
notify  the  Secretary  of  the  Institute  of  their  desire  to  hold  local  meetings, 
such  request  shall  be  presented  to  the  Council  at  its  first  meeting  thereafter. 
The  Council  shall  then,  upon  the  recommendation  and  nomination  of  the 
signers  of  the  request  for  local  meetings,  appoint  a  Local  Honorary  Secretary, 
who  shall  be  a  member,  or  associate  member  of  the  Institute  residing  in  the 
specified  locality. 

B.  The  duties  of  a  Local  Honorary  Secretiiry  shall  be  in  general  to  serve  as 
a  channel  of  communication  between  local  members  and  the  general  body  of 
members  through  the  Secretary  and  Council,  But  no  member  in  any  locality 
shall  be  debarred  from  direct  communication  with  the  Institute. 

C.  In  any  locality  where  a  Local  Honorary  Secretary  shall  have  been 
appointed,  local  meetings  may  be  held,  the  local  members  to  elect  their  own 

chairman,  such  meetings  to  be  known  as  Meeting  of  the Members 

OF  THE  American  Institute  of  Klbctrical  Engineers,  and  such  meetings 
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Prof.  Franoi8  B.  Crocker: — I  think  the  idea  of  having 
stenographic  reports  of  local  meetings  paid  by  the  Institute  at 
the  present  time,  at  tlie  beginning  of  tnis  experimental  matter, 
is  injudicious.  In  the  first  place  it  would  be  very  expenfiive. 
I  have  had  some  little  experience  with  stenographic  reports 
during  the  last  summer.  How  can  you  give  the  man  who  lives 
in  a  place  where  he  is  the  only  member  porliaps,  how  can  von 
give  him  the  same  for  his  money  as  the  man  who  lives  in  ^ev 
York  ?  It  is  an  impossibility,  'that  is  his  misfortune.  When 
I  went  to  Chicago  to  the  Fair,  I  was  not  paid  my  railroad  fare 
by  the  citizens  of  Cliicago.  It  was  simply  my  misfortune  that 
I  lived  in  New  York  and  had  to  go  to  Chicago  in  order  to  see 
the  Fair.  It  seems  to  me  that  the  geographical  distributioD  of 
cities  in  the  United  States  is  not  the  fault  of  the  Institute  and 
cannot  be  rectified  by  it.  [laughter.]  A  thing  like  that  is  so 
self-evident,  so  palpable  even  to  local  members,  that  I  think  no 
one  could  possibly  expect,  especially  a  resident  of  a  small  town, 
that  he  could  have  equal  advantages.  The  Institute  now  has 
all  it  can  do  to  pay  the  necessary  expenses  of  carrying  on  the 
main  body.  If  in  any  way  it  can  help  out  of  town 'members,  1 
should  be  heartily  in  :favor  of  doing  it.  But  when  it  comes  to 
paying  just  as  nmch  in  every  place  where  they  can  raise  twenty 
members  as  the  main  body  pays  here,  it  seems  to  me  entirely  un- 
reasonable. 

Mr.  Phelps: — We  have  all  of  us  talked  to-night  on  the 
assumption  that  the  moment  we  pass  this  legislation  we  shall  be 
surrounded  with  a  swann  of  local  meetings  in  all  parts  of  tlie 
country  and  that  they  are  likely  to  overwhelm  us  and  ride  over 
us  and  squelch  us.  As  a  matter  of  fact,  I  think  we  are  talking 
about  a  man  of  straw.  I  do  not  think  there  will  be,  in  a  year 
from  now,  more  than  two  local  meetings,  even  if  there  be  one, 
and  the  purpose  of  the  committee  was  to  offer  a  tentative  scheme 
which  could  not  be  objected  to  by  the  people  in  two  or  three 
regions  who  have  been  talking  of  local  meetings.  This  subject 
was  first  brought  up  last  spring  in  respect  to  California.  Even- 
opportunity  was  given  to  the  people  out  there  to  tell  us  what  they 
wanted,  f  believe  we  have  heard  nothing  definite  from  them 
since.  At  Chicago  there  has  been  some  movement  toward  local 
meetings,  which  is  likely  to  take  some  active  shape  after  some 
action  of  our  own.  But  any  apprehension  that  we  have  of  a 
multitude  of  meetings  in  small  towns  all  over  the  country  is  a 
bugbear. 

Mr.  Nelson  W.  Perry  : — I  have  been  in  Chicago  about  six 
months,  and  I  think,  so  far  as  the  feeling  there  is  crystallized, 
the  members  out  there  do  not  want  us  to  go  to  any  extra  expense. 
They  are  willing  to  stand  whatever  extra  expense  there  may  be. 
It  seems  to  me  that  it  is  perfectly  absurd  for  us  to  pay  the  local 
expenses  there,  because  we  cannot  tell  what  they  may  be.     We 
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are  not  asked  to  do  that.  I  endorse  the  recommendation  of  the 
committee  thoroughly  from  beginning  to  end. 

The  President  : — The  question  now  is  on  Section  G :  "  The 
expense  of  local  meetings  shall  be  borne  by  the  local  members 
and  not  become  a  charge  upon  the  funds  of  the  Institute." 
Will  you  take  a  vote  on  the  section  as  it  stands  ?  Those  in  favor 
of  ])assing  it  as  it  stands  will  signify  their  assent  by  saying  aye — 
contrary  minded,  no. 

[The  motion  was  carried.] 

The  President  [reading  "  H."] : — The  title,  name  and  address 
of  each  local  honorary  secretary  snail  be  printed  in  the  publica- 
tions of  tlie  Institute. 

A  Member  : — I  move  that  it  be  adopted  as  read. 

[The  motion  was  carried.] 

The  President  : — Will  you  now  move  to  adopt  tlie  report  as  a 
whole  ? 

A  Member  : — I  move  that  the  report  be  adopted  as  a  whole. 

[The  motion  was  carried.] 

Report  of  Committee  on  Local  Meetings. 


To  THE  Council. 

Your  Committee,  appoiDled  at  the  meeting  of  the  Institute  of  October  18th, 
to  consider  the  subject  of  Local  Meetings,  beg  to  report  as  follows  : — 

1st.  It  is  the  opinion  of  the  Committee  that  provision  should  be  made  for 
local  meetings  of  the  members  at  points  inconveniently  distant  from  New 
York  for  the  reading  and  discussion  of  papers  accepted  by  the  Institute. 

2d.  The  Committee  is  of  opinion  that  the  provision  in  Section  VI.  of  the 
Rules  of  the  Institute,  authorizing  the  Secretary  to  "call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members  "  was  not  intended  to  and 
does  not  cover  local  meetings  of  the  character  contemplated  in  this  report. 

8d.  The  Committee  presents  the  following  plan  for  the  holding  of  local 
meetings  of  members : — 

A.  When  not  less  than  twenty  members  in  any  stated  locality  shall  in  writing 
notify  the  Secretary  of  the  Institute  of  their  desire  to  hold  local  meetings, 
such  request  shall  be  presented  to  the  Council  at  its  first  meeting  thereafter. 
The  Council  shall  then,  upon  the  recommendation  and  nomination  of  the 
signers  of  the  request  for  local  meetings,  appoint  a  Local  Honorary  Secretary, 
who  shall  be  a  member,  or  associate  member  of  the  Institute  residing  in  the 
specified  locality. 

B.  The  duties  of  a  Local  Honorary  Secretary  shall  be  in  general  to  serve  as 
a  channel  of  communication  between  local  members  and  the  general  body  of 
members  through  the  Secretary  and  Council.  But  no  member  in  any  locality 
shall  be  debarred  from  direct  communication  with  the  Institute. 

C.  In  any  locality  where  a  Local  Honorary  Secretary  shall  have  been 
appointed,  local  meetings  may  be  held,  the  local  members  to  elect  their  own 

chairman,  such  meetings  to  be  known  as  Meeting  of  the Members 
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Prof.  Francis  B.  Crocker: — I  think  the  idea  of  having 
stenographic  reports  of  local  meetings  paid  by  the  Institute  at 
the  present  time,  at  the  beginning  of  tnis  experimental  matter, 
is  injudicious.  In  the  first  place  it  would  be  very  expenfflve. 
I  have  had  some  little  experience  with  stenographic  report? 
during  the  last  summer.  How  can  you  give  the  man  who  lives 
in  a  place  where  he  is  the  only  member  perhaps,  how  can  von 

?'ve  him  the  same  for  his  money  as  the  man  who  lives  in  Isew 
ork  ?  It  is  an  impossibility.  That  is  his  misfortune.  When 
I  went  to  Chicago  to  the  Fair,  I  was  not  paid  my  railroad  fare 
by  the  citizens  of  Chicago.  It  was  simply  my  misfortune  that 
I  lived  in  New  York  and  had  to  go  to  Chicago  in  order  to  see 
the  Fair.  It  seems  to  me  that  the  geographical  distributioD  of 
cities  in  the  United  States  is  not  the  fault  of  the  Institute  and 
cannot  be  rectified  by  it.  [Laughter.]  A  thing  like  that  is  so 
self-evident,  so  palpable  even  to  local  members,  that  I  think  no 
one  could  possibly  expect,  especially  a  resident  of  a  small  town, 
that  he  could  have  equal  advantages.  The  Institute  now  has 
all  it  can  do  to  pay  the  necessary  expenses  of  carrying  on  the 
main  body.  If  in  any  way  it  can  help  out  of  town  members,  1 
should  be  heartily  in  favor  of  doing  it.  But  when  it  comes  to 
paying  just  as  much  in  every  place  where  they  can  raise  twenty 
members  as  the  main  body  pays  here,  it  seems  to  me  entirely  un- 
reasonable. 

Mr.  Phelps: — We  have  all  of  us  talked  to-night  on  the 
assumption  that  the  moment  we  pass  this  legislation  we  shall  be 
surrounded  with  a  swann  of  local  meetings  in  all  parts  of  the 
country  and  that  they  are  likely  to  overwhelm  us  and  ride  over 
us  and  squelch  us.  As  a  matter  of  fact,  I  think  we  are  talking 
about  a  man  of  straw.  I  do  not  think  there  will  be,  in  a  year 
from  now,  more  than  two  local  meetings,  even  if  there  be  one, 
and  the  purpose  of  the  committee  was  to  offer  a  tentative  scheme 
which  could  not  be  objected  to  by  the  people  in  two  or  three 
regions  who  have  been  talking  of  local  meetings.  This  subject 
was  first  brought  up  last  spring  in  respect  to  California.  Everv 
opportunity  was  given  to  the  people  out  there  to  tell  us  what  they 
wanted,  f  believe  we  have  heard  nothing  definite  from  them 
since.  At  Chicago  there  has  been  some  movement  toward  local 
meetings,  which  is  likely  to  take  some  active  shape  after  some 
action  of  our  own.  But  any  apprehension  that  we  have  of  a 
multitude  of  meetings  in  small  towns  all  over  the  country  is  a 
bugbear. 

Mr.  Nklson  W.  Perry  : — I  have  been  in  Chicago  about  six 
months,  and  I  think,  so  far  as  the  feeling  there  is  crj-stallized, 
the  members  out  there  do  not  want  us  to  go  to  any  extra  expense. 
They  are  willing  to  stand  whatever  extra  expense  there  mav  be. 
It  seems  to  me  that  it  is  perfectly  absurd  for  us  to  pay  the  local 
expenses  there,  because  we  cannot  tell  what  they  may  be.     We 
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are  not  asked  to  do  that.  I  endorse  the  recommendation  of  tlie 
committee  thoroughly  from  beginning  to  end. 

The  Preaident  : — The  question  now  is  on  Section  G :  "  The 
expense  of  local  meetings  shall  be  borne  by  the  local  members 
and  not  become  a  charge  upon  the  funds  of  the  Institute." 
Will  you  take  a  vote  on  the  section  as  it  stands  ?  Those  in  favor 
of  passing  it  as  it  stands  will  signify  their  assent  by  saying  aye — 
contmry  minded,  no. 

[The  motion  was  carried.] 

The  President  [reading  "  II."] : — The  title,  name  and  address 
of  each  local  honorary  secretary  shall  be  printed  in  the  publica- 
tions of  the  Institute. 

A  Member  : — I  move  that  it  be  adopted  as  read. 

[The  motion  was  carried.] 

The  President  : — Will  you  now  move  to  adopt  the  report  as  a 
whole  ? 

A  Member  : — I  move  that  the  report  be  adopted  as  a  whole. 

[The  motion  was  carried.] 

Keport  of  Committee  on  Local  Meetings. 


To  the  Council. 

Your  Committee,  appoiDtcd  at  the  meeting  of  the  iDstitute  of  October  18th, 
to  consider  the  subject  of  Local  Meetings,  beg  to  report  as  follows  : — 

1st.  It  is  the  opinion  of  the  Committee  that  provision  should  be  made  for 
local  meetings  of  the  members  at  points  inconveniently  distant  from  New 
York  for  the  reading  and  discussion  of  papers  accepted  by  the  Institute. 

2d.  The  Committee  is  of  opinion  that  the  provision  in  Section  VI.  of  the 
Rules  of  the  Institute,  authorizing  the  Secretary  to  "call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members  "  was  not  intended  to  and 
does  not  cover  local  meetings  of  the  character  contemplated  in  this  report. 

8d.  The  Committee  presents  the  following  plan  for  the  holding  of  local 
meetings  of  members : — 

A.  When  not  less  than  twenty  members  in  any  stated  locality  shall  in  writing 
notify  the  Secretary  of  the  Institute  of  their  desire  to  hold  local  meetings, 
such  request  shall  be  presented  to  the  Council  at  its  first  meeting  thereafter. 
The  Council  shall  then,  upon  the  recommendation  and  nomination  of  the 
signers  of  the  request  for  local  meetings,  appoint  a  Local  Honorary  Secretary', 
who  shall  be  a  member,  or  associate  member  of  the  Institute  residing  in  the 
specified  locality. 

B.  The  duties  of  a  Local  Honorary  Secretary  shall  be  in  general  to  serve  as 
a  channel  of  communication  between  local  members  and  the  general  body  of 
members  through  the  Secretary  and  Council.  But  no  member  in  any  locality 
shall  be  debarred  from  direct  communication  with  the  Institute. 

C.  In  any  locality  where  a  Local  Honorary  Secretary  shall  have  been 
appointed,  local  meetings  may  be  held,  the  local  members  to  elect  their  own 

chairman,  such  meetings  to  be  known  as  Meeting  of  the Members 
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shall  be  for  the  purpose  of  reading,  bj  the  authors  or  by  proxy,  and  of  dis- 
cussing, papers  accepted  by  the  Institute  and  such  papers  only.  Buch  local 
meetings  shall  be  held  simultaneously  with  the  Institute  meetings  or  subee- 
quently ;  that  is  to  say,  no  paper  before  the  Institute  shall  be  read  or  discussed 
at  a  local  meeting  in  advance  of  its  reading  at  the  Institute  meeting. 

D.  Wherever  local  meetings  shall  have  been  provided  for,  as  in  the  forego- 
ing section,  the  Local  Honorary  Secretary  shall  be  supplied,  by  the  Secretary 
of  the  Institute,  with  a  suitable  number  of  advance  copies  of  papers  to  be 
read  before  the  Institute,  which  copies  he  may  distribute  to  the  local  members 
at  their  local  meetings.  The  Local  Honorary  Secretary  shall  transmit  to  the 
Secretary  of  the  Institute  a  report  of  the  discussions  at  each  local  meeting,  to- 
gether with  any  written  discussions  or  comments  on  papers  that  he  may 
receive  from  members  in  his  locality.  Any  member  or  associate  may  intro- 
duce a  stranger  to  any  meeting,  but  the  latter  shall  not  take  part  in  the  pro- 
ceedings without  the  consent  of  the  meeting. 

E.  The  Local  Honorary  Secretary  shall  transmit  to  the  Secretary  of  the 
Institute  all  papers  offered  by  local  members,  but  any  member  may  send 
papers  directly  to  the  Secretary  of  the  Institute. 

F.  The  publication  of  the  discussion  at  local  meetings  in  the  Transactions 
of  the  Institute  shall  be  subject  to  the  same  regulations  and  restrictions  as 
govern  the  publication  of  discussions  at  the  regular  meetings  of  the  Institute. 
No  publication  of  papers  or  discussions  at  local  meetings  in  local  or  other 
journals  or  newspapers  is  to  be  permitted  without  the  sanction  of  the  Council 
or  the  Secretary  of  the  Institute. 

G.  The  expense  of  local  meetings  shall  be  borne  by  the  local  members  and 
shall  not  become  a  charge  upon  the  funds  of  the  Institute. 

JJ.  The  title,  name  and  address  of  each  Local  Honorary  Secretary  shall  be 
printed  in  the  publications  of  the  Institute. 


In  dealing  with  the  subject  before  it,  and  in  preparing  its  report,  your  Com- 
mittee has  carefully  considered  the  documents  and  correspondence  placed  in 
its  hands ;  particularly  the  paper  of  the  Secretary  on  *'  Monthly  Meetings"  and 
the  plan  for  the  establishment  of  chapters  of  the  Institute  drawn  up  by  Dr. 
Emery,  both  of  which  were  read  at  the  October  meeting. 

The  scheme  for  local  meetings  suggested  in  this  report  has  been  designed 
with  the  purpose  of  affording  to  members,  distant  from  the  headquarters  of  the 
Institute,  opportunity  to  participate  in  its  work  on  substantially  the  same  footing 
as  members  whose  location  permits  them  to  attend  the  meetings  held  in  New 
York.  The  Institute  is  a  national  body,  having  members  in  every  section  of 
the  country,  but  with  a  large  preponderance  of  membership  relatively  near 
headquarters.  Its  work  and  its  publications  have  a  national  significance.  Its 
subdivihion  into  sections  or  chapters  would  detract  from  the  unity  and  strength 
of  its  efforts  to  serve  the  best  interests  of  electrical  science  and  industry. 

Your  Committee,  therefore,  is  of  opinion  that  it  would  not  be  for  the  welfare 
of  the  Institute  to  create  any  separate  local  organizations  or  any  class  or  classes 
of  members  not  now  provided  for  in  its  Rules. 

It  is  believed  that  the  plan  for  Local  Honorary  Secretaryships  and  for  local 
meetings  herewith  submitted  would  meet  fully  the  desire  of  members  in  diverse 
parts  of  the  country  to  participate  in  the  work  of  the  Institute  and  that  it 
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would  avoid  the  disadvantage  and  disintegrating  tendency  that  might  arise 
from  the  formal  establishment  of  a  number  of  separate  and  distinct  sub- 
societies. 

Herbert  Laws  Webb,  ' 
Chairman, 

A.  E.  Kennbllt,  ^ 

M.  I.  Ptpin,  >  Committee. 

Wm.  J.  Uammbr, 
Geo.  M.  Phelps. 
New  York,  November  10,  1893. 

TirE  President  : — I  wnsli  to  report,  in  addition  to  this,  on 
behalf  of  the  committee  appointed  on  Congress  work  that  the 
committee  has  had  meetings  and  has  considered  the  qnestions 
involved,  and  that  the  following  gentlemen  have  agreed  to  under- 
take the  work  of  determining  the  standard  of  light  and  of  illumi- 
nation: Professor  Edward  L.  Nichols,  of  Cornell  University; 
Prof.  Charles  R.  Cross,  Massachusetts  Institute  of  Technology; 
Thomas  A.  Edison,  of  the  Edison  F^boratory ;  Dr.  Frederic  A.  C. 
Perrine,  of  the  Leland  Stanford  Jr.  ITniversity ;  Dr.  Ix)ui8  Dun- 
can, of  the  Johns  Hopkins  University;  Prof.  F.  B.  (Vocker,  of 
Columbia  College ;  Prof.  Reginald  A.  Fessenden,  of  the  Western 
Univei*sity  of  Pennsylvania. 

I  think  the  Institl'te  is  to  be  congratulated  on  the  very  high 
standing  of  the  gentlemen  who  have  kindly  agreed  to  undertake 
the  work  in  behalf  of  the  Institute.  It  is  tlie  intention  of  the 
committee  as  soon  as  it  can  do  so,  to  call  a  conference  of  the 
chairmen  of  the   local   sul)-conmiittees   in   some  central  place, 

C'obablv  New  York,  to  discuss  and  agree  on  methods  and  plans, 
oes  ^Jt.  Kennelly  wish  to  submit  to  the  Institute  in  this  con- 
nection the  report  of  the  Committee  on  Units  and  Standards  or 
does  he  wish  it  to  be  printed  and  submitted  afterwards  i 

Mr.  Kennelly  : — I  think,  sir,  it  would  be  better  to  print  it 
first  and  take  it  up  afterwards. 

The  President: — Gentlemen,  I  do  not  see  anything  else  on 
the  card. 

The  Secretary  : — Mr.  President,  what  I  was  going  to  ask 
was  in  regard  to  the  Committee  on  Revision  of  the  Rules  which 
was  re-appointed  at  the  annual  meeting.  This  is  a  committee 
appointed  at  the  annual  meeeting  181)2  and  re-appointed  at  the 
annual  meeting  18D8  to  consider  a  revision  of  the  rules,  and  I 
thought  it  well  to  call  attention  to  it — the  secretary  of  the  com- 
mittee being  present — he  could  report  at  some  future  meeting  so 
that  we  could  have  that  thoroughly  discussed  and  in  shape  in  the 
course  of  two  or  three  months.  And  Mr.  Martin  has  also  sug- 
gested that  it  might  be  well  to  have  a  committee  prepare  the 
substance  of  the  report  of  this  committee  on  local  meetings  for 
incorporation  in  the  niles  also,  and  if  it  will  be  satisfactory  to 
the  meeting,  I  will  suggest  that  this  same  conunittee  be  given 
this  matter  in  charge. 
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Mr.  Hammer  : — I  would  like  to  ask,  as  this  has  been  adopted 
by  the  Institute,  whether  this  does  not  become  part  and  parcel 
oi  the  Rules  of  the  Institute  pertaining  to  these  meetings. 

The  President  : — Certainly,  I  suppose  so. 

The  Secretary  : — I  do  not  understand  it  so. 

The  President  : — It  would  not  become  an  amendment  to  our 
by-laws  since  that  would  require  an  action  of  a  diflFerent  char- 
acter. But  as  I  understand  Mr.  Hammer's  question,  it  is  this— 
whether  it  needs  any  revision  to  become  a  matter  of  our  by-lawji. 
For  my  own  part,  1  think  that  the  committee  on  rules  could 
veiy  well  put  that  in  sliorter  pliraseology.  In  other  words,  I  do 
not  suppose  that  it  can  possibly  become  a  part  of  our  rules,  te- 
cause  that  would  be  an  amendment  to  them,  and  our  rules  require 
a  written  notice  of  a  proposed  amendment  to  be  given  at  tlie 
previous  meeting.  We  have  agreed  to  do  a  certain  thing.  Ve 
need  not  make  it  a  part  of  our  by-laws,  or  we  can,  just  as  we 
choose.  If  it  is  the  desire  of  the  Institute  then  it  would  be 
proper  to  refer  it  to  the  committee  on  revision  of  rules.  Then 
if  tney  report  it,  it  will  be  necessary  to  report  it  as  an  amend- 
ment of  our  rules  and  it  would  require  the  regular  two  months 
to  go  through. 

The  Secretary  : — I  do  not  wish  to  uisist  at  all  that  it  should 
become  a  part  of  our  established  rules,  especially  as  it  is  well 
understood  to  be  an  experimental  matter,  and  to  avoid  tlie 
further  revision  of  the  rules  in  the  future  I  think  it  would  l)e 
well  to  stand  merely  as  an  order  of  the  Institute  or  Council  to 
be  carried  out.  If  eventually  it  proves  entirely  satisfactory  it 
could  be  incorporated  in  the  Kules. 

The  President: — Do  you  wish  to  press  that  motion^ 

Mr.  Hammer  : — No,  sir,  I  think  that  covers  it. 

Adjourned. 
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New  York,  December  20,  1893. 

le  eighty-second  meeting  of  the  Institute  was  held  this  date 
2  West  Slst  Street,  ana  was  called  to  order  by  President 
ston  at  8  p.  m. 

IK  President: — The  Secretary  will  read  the  minutes  of  the 
regular  meeting, 
was  voted  that  tlie  reading  of  the  minutes  be  dispensed 

• 

IK  Secretary  : — Tlie  following  associate  members  were 
ed  at  the  meeting  of  Council  this  afternoon : 


Name. 
RIDGE.  E.  L. 


sER,  ChAS.  T. 


[AMS,  Frank  A. 


Address.  Flndorsed  by. 

Inspector,  Electrical  Engineering  L.  S.  Boggs. 

Dcpt.,  World's  Columbian  Ex-  O.  G.  Dodge, 

position,  66  No.  Oxford  Street,  Wm.  H.  Cothren. 
Brooklyn.  N.  Y. 

Inspector,  Electrical  Engineering 
Dept.,  World's  Columbian  Ex- 
position, Tacoma,  Washington. 

Safety  Insulated  Wire  and  Cable 
Co.,  25  Washington  Avenue. 
Newark,  N   J. 


L.  S.  Boggs. 

O.  G.  Dodge. 

W.  H.  Cothren. 

W.  J.  Hammer 
F.  R.  Upton. 
W.T.  M.Mottram. 


E,  D.  McFarlan,  Electrical  Engineer, General  Elec-  T.  C.  Martin. 

trie  Co.,  44  Broad  Street,  New  Jos.  Wetzler. 

York  City  Edwin  J.  Houston. 

FIELD,  Arthur  Newhali.   Assistant  Electrician,  Amer-     F.  A.  Pickemell. 

ican  Telephone  and  Teleg.  Co.,       Chas.  R.  Cross. 
153  Cedar  St.,  New  York  City.      G.  A.  Hamilton. 

'EVANT,  Charles  L.     Patent  Attorney,  Atlantic  Build-  W.  A.  Rosenbaum. 

ing,  Washington,  D.  C.  Townsend  Wolcott. 

F.  I^,  Freeman. 

Assistant  Professor  of  Electrical       Chas.  R.  Cross. 
Engineering,  Mass.  Institute  of  H.  V.  Hayes. 

Technology,  Boston,  Mass.  Geo.  W.  Blodgett. 

rocK,  Louis  K.  Contracting  and  Consulting  Engi-   Frank  J.  Sprague. 

neer,     Monadnock      Building,    C.T.Hutchinson. 
Chicago,  111.  Geo.  P.  Low. 


:r,  Wm.  L. 
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ASSOCIATE  MEMBERS  ELECTED, 


MusTiN,  Herbert  S. 


Warner,  Chas.  H. 


McClurg,  W.  a. 


Roberson,  Oliver  R. 


Wason,  Leonard  C. 


Sahulka,  Dr.  Johann 


Stevens,  W.  Le  Conte, 


Shea,  Daniel  W. 


McKay,  C.  R. 


Capuccio,  Mario 


Hudson,  John  E. 


Sage,  Henry  Judson 


Frost,  Francis  R. 


Serva,  a  a. 


Requier,  a.  Marcel 


Jakger,  Charles  L. 


McCrosky,  James  W. 


Corey,  Fred.  B. 


Norton,  Elbert  F., 


Total  27. 


Assistant  Electrician,  City  of  Ho-  Edw.  DuraDt. 

boken.     Police     Headquarters,  James  llamblet. 
Hoboken,  N.  J.                           J.  P.  Wintringham, 

Consulting  Electrical  Engineer,  50  W.  J.  Hammer. 

Broadway,  New  York  City.  H.  A.  Foster. 

Edwin  J   Houston. 

Manager,  Electrical  Dept.,  Plain-  R.  W.  Pope, 

field  Gas  and  Electric  Light  Co.,  E.  A.  Merrill. 

25  Madison  Ave, Plainfield;N. J.  W.  M.  Miner. 

Electrician,  Western  Union  Tele-  James  Hamblct. 

graph  Co.,  195  Broadway,  P.  O.  G.  W.  Gardanier. 

Box  856,  New  York  City.  Alfred  S.  Brovra. 

Head    Draughtsman   with   F.    S.  J.  P.  B.  Fiske. 

Pearson,   199    Harvard   Street,  Chas.  R.  Cross. 

Brookline,  Mass.  F.  S.  Pearson. 

Docent  of  Electrotechnics,  Tech-  Ralph  W.  Pope. 

nische     Hochschule,      Vienna,"  N.  S.  Keith 
Austria.                                        Townscnd  Wolcott. 

Professor  of  Physics.  Rensselaer  Samuel  Sheldon. 
Polytechnic     Institute,     Troy, 
N.  Y. 

Assistant  Professor  of  Electrical 
Engineering  and  Physics,  Uni- 
versity  of  lU.,  Champaign,  111.  Dugald  C.  Jackson. 

Consulting   Engineer,  140   South  Louis  Duncan. 
Main   Street,   Salt    Lake  City, 
Utah. 

Electrical  Engineer,  Piazza  Sta- 
tute 15,  Corino,  Italy. 


Edw.  L.  Nichols. 
James  llamblet. 

Samuel  Sheldon. 
H.  V.  Haves. 


President,  The  American  Bell 
Telephone  Co.,  125  Milk  Street, 
Boston.  Mass. 

Electrical  Engineer.  Telephone 
Dept.,  Western  Electric  Co., 
227  S.  Clinton  St.,  Chicago,  111. 

Assistant  in  Electrical  Testing, 
Bureau  of  Awards,  World's 
Fair.  Ithaca.  N.  Y. 
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The  President: — Have  you  any  farther  business,  Mr.  Secre- 
tary? 

The  Secretary  : — Nothing  further,  Mr.  President. 

The  President: — If  not,  the  regular  order  of  the  business  of 
the  evening  as  announced  on  the  card  will  be  taken  up.  I  take 
pleasure  in  introducing  to  you  Mr.  Albert  Stetson  who  will  read 
a  paper  on  the  Practicability  of  Electric  Conduit  Railways. 

Mr.  Stetson  read  the  following  paper : 
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Thk  President: — Have  vou  aiiv  further  bnsineBs,  Mr.  Secre- 

tarv  ? 

The  Secrktaky: — Nothing  further,  Mr.  President. 

The  President: — If  not,  the  regular  order  of  the  business  of 
the  evening  as  announced  on  the  card  will  be  taken  up.  I  take 
pleasure  in  introducing  to  you  Mr.  Albert  Stetson  wlio  will  read 
a  paper  on  the  Practicability  of  Electric  Conduit  Railways. 

Mr.  Stetson  read  the  following  paper : 


A  paptr  /reteuted  at  ike  82nd  Mttting  0/  the 

American  Inxtituie  0/  Electrical  Engineers s 
New  yprk^  December  20tAt  jSfyJ^  President 
Houston  in  the  Chair. 


THE  PRACTICABILITY  OF  ELECTRIC  CONDUIT 

RAILWAYS. 


BY    ALBERT    STETSON. 


Two  years  ago,  if  an  electrical  engineer  had  been  asked  as  to 
the  practicability  of  an  electric  condnit  railway,  he  would  pri^b- 
ably  have  shrugged  his  shoulders  and  expressed  great  scepticism 
as  to  ultimate  success.  The  writer  hopes  to  be  able  to  show  that 
some  real  progress  has  been  made  since  then,  and  that  the  way 
out  of  the  difficulty  is  in  sight. 

Electric  traction  for  street  railways  has  come  to  stav,  and  we 
must  choose  between  the  trollev,  secondary  battery  and  a  conduit 
construction  (either  slotted  or  closed").  The  trolley  has  l)een,aii(l 
still  is  tlie  most  important  factor  in  electric  traction.  It  \\^ 
done,  and  still  is  doing  excellent  w(>rk  in  educating  the  public 
into  the  beauties  of  rapid  transit  in  cities.  There  is  much  talk 
in  our  sensational  daily  press  about  the  "  deadly  trolley,"  but 
nmch  of  it  is  ridiculous,  and  most  of  it  undeseryed.  Surely  no 
meni]>er  of  this  iNSTrrrxE  has  joined  in  this  outcry,  aiul  it  would 
be  a  moye  in  the  right  direction  if  some  of  our  daily  papers 
would  haye  attached  to  their  staffs,  men  who  are  capable  of 
judging  of  technical  subjects,  so  that  they  might  be  able  to  im- 
part correct  ideas  as  to  the  march  of  human  ingenuity  and  ])n>- 
gress.  Our  daily  newspapers  have  specialists  to  report  society 
scandals,  dog-iights,  ])ugilism  and  horse-raeing.  But,  is  it  not 
strange  that  none  of  them  employs  trained  technical  experts  i  The 
progress  of  the  arts  and  sciences  is  certainly  as  interesting  to  the 
average  man  and  woman,  as  is  what  ladies  do  and  say  in  a  Turkish 
bath !  It  is,  ])erhaps,  useless  to  undertake  to  reform  the  press  in  this 
respect,  but  until  we  can,  we  must  expect  from  time  to  time  to 
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hear  of  the  "deadly  trolley."     There  is  a  iield,  and  a  wide  one, 
for  the  trolley,  and  the  men  who  have  devoted  their  talents  and 
their  money  to  advancing  electric  traction  by  the  trolley,  deserve 
well  of  the  race.     Many  men  have  worked  in  this  field,  but  I 
believe  that  Mr.  Frank  Sprague,  with  his  twelve  miles  of  road 
in    Richmond,  working  successfully,  sent  electric  railways  for- 
ward twenty  years.     All  honor  then  to  the  trolley  men !     They 
have  and  will  hold  for  a  long  time  the  field  in  smaller  cities  and 
towns,  and  for  inter-town  communication.     Railroad  men  as  a 
rule,  are  very  conservative,  and   until  a  few  months  ago  there 
was  nothing  in  sight  that  gave  promise  of  our  being  able  to  do 
away  with  the  trolley  in  cities.     Certainlv  thev  could  not  be 
expected  to  wait  until  something  practicable  appeared,  nor  could 
they  afford  to  stop   their   cars  as  soon  as  they  heard  of  fairly 
successful   experiments  with  a  conduit  railroad.     Large  vested 
interests  cannot  be  overthrown  nor  changed  in  a  moment,  and 
it  will  be  interesting  to  see  what  position  trolley  men  will  take 
when  the  conduit  has  demonstrated  its  utility  and  practicability* 
I  expect  to  find  them  more  than  ready  to  adopt  it  wherever  the 
traflSc  will  warrant  them  in  so  doing. 

We  have  admitted  the  clahns  of  the  trolley  people,  and  given 
them  due  credit.  But  there  are  also  rights  of  the  ])ublic  that 
must  be  respected.  The  streets  of  our  cities  belong  to  the 
public,  and  not  to  corporations.  So  long  as  nothing  better  was 
in  sight,  it  was  to  the  advantage  of  the  jmhlie  to  have  rapid 
transit,  even  though  the  trolley  were  the  medium.  But  the 
structure  is  unsightly,  and  the  poles  and  wires  are  a  constant 
menace  to  the  public.  A  trolley  current  will  not,  probably,  kill 
a  man  who  has  no  organic  disease,  but  it  will  kill  an  animal,  it 
will  terribly  burn  any  one  who  comes  in  contact  with  it,  and 
would  probably  cause  the  death  of  a  man  troubled  with  heart 
disease.  The  feed  wires  are  a  constant  source  of  danger.  A 
trolley  wire  may  get  crossed  with  an  electric  light  wire  carrying 
an  arc  current,  and  it  then  becomes  a  dangerous  thing.  If  the 
streets  are  at  all  wide,  very  large  poles,  taking  up  too  much 
sidewalk  space,  are  used,  and  these  invade  public  rights.  We 
have  a  right  to  beautiful  streets,  and  no  corporation,  for  the  sake 
of  private  gain,  has  a  right  to  disfigure  them.  We  have  a  right 
to  safe  streets,  and  no  corporation  has  a  right  to  contribute  any- 
thing towards  rendering  them  less  safe.  In  our  cities  and  large 
towns,  trolley  as  well  as  other  current  conveying  wires  must  go 
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underground  so  soon  as  any  economical  and  practicable  method 
is  demonstrated. 

Secondary  batteries  have  been  used  in  nearly  every  large  city 
of  the  civilized  world,  to  supply  the  demands  for  electric  traction, 
but  have  l>een  given  up  as  too  costly.     I  know  there  are  still 
people  who  are  willing  to   spend   their   money   on   this  iqim 
fatuus^  but  the  number  is  growing  beautifully  less  year  by  year. 
The  writer  has  spent  much  time  in  investigating  the  subject  here 
and  abroad,  has  examined  ever>i;hing  in  this  line  that  Europe 
has  offered,  and  he  asserts,  without  fear  of  successful  contradic- 
tion, that  not  one  instance  can  be  found  in  the  world  where  a 
traction   secondary   battery  has  paid  an  honest  dividend.    The 
cars  (if  supplied  with  sufficient  power)  are  too  heavy  for  ordinary 
track   construction,   the   heaviest   ballasted   steam    track   lieing 
scarcely  good   enough  to  insure  them  a  commercial  life.    The 
conditions  essential  to  the  life  of  a  secondary  battery,  are  large, 
thick  and  heavy  plat<3S.     Such  a  battery  can  probably  be  com- 
mercially employed  in  lighting  stations,  but  those  are  diametric- 
ally opposed  to  the  conditions  for  a  traction  battery.     In  trac- 
tion, the  battery  nmst  be  small  (on  account  of  the  limited  space 
at  our  disposal),  and  it  must  be  light ;  for  every  150  pounds  of 
lead  carried,  means  the  cost  of  transporting  a  passenger.    To  run 
successfully,  we  must  be  able  to  ascend  such  grades  as  exist  in 
railway   work,  and  when    sutttcient  battery    power   for   this  is 
carried,  the  car  becomes   unwieldy.     A  sudden  call  for  power 
from  a  small  battery  may  tear  it  all  to  pieces,  and  the  '^  self- 
contained  "  car  then  becomes  anything  but  an  "  ideal "  motive 
power.     When,  in  1881,  Sir  Wm.   Thomson  carried  across  the 
channel,  Faure's  little  box  containing  1,200,000  foot-pounds  of 
electrical  energy,  great  hopes  were  excited,  and  those  million 
foot-pounds  of  energy  were  soon  changed  into  millions  of  shares, 
and  that  changing  process  has  been  going  on  ever  since  I     The 
average  investor  did  not,  of  course,  know  that  those  large  figures 
represented  about  the  energy  of  \}^  ozs.  of  coal,  and  that,  if  Sir 
William  had  brought  his   pockets?  full  of  good  cannel  coal,  the 
supply  of  energy  in  Old  England  w^ould  have  been  much  in- 
creased, but  investors  did  believe  that  there  was  the   "  ideal  " 
system  for  electric  traction.     The  best  electrical,  chemical,  me- 
chanical and  engineering  skill  was  employed,  improvements  were 
made  on  the  original  cell,  millions  upon  millions  of  dollars  were 
spent,  and  the  results  have  been  financially  disastrous.     Remem- 
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ber,  please,  that,  to  any  but  the  electrical  crank,  the  treasurer's 
books  are  the  court  of  last  appeal.  Tlie  experience  has  been 
costly,  and  the  shores  of  Old  Eniijland  are  strewn  with  the  wreck- 
age of  secondary  batter v  ventures,  and  the  bones  of  many  a 
victim  lie  bleaching  in  the  sun !  But  has  nothing  been  done 
since  then  that  gives  promise  of  better  things '(  Judged  by  my 
standard  (the  dividends  paid),  I  answer,  "No!"  and  to  one  who 
understands  the  principles  involved  in  a  successful  traction 
battery,  there  seems  to  be  nothing  in  sight  to  bid  us  hope  for  a 
successful  solution  of  the  difficulty  from  this  direction.  Should 
future  metallurgists  make  us  acquainted  with  some  new  metals, 
or  should  a  cheap  supply  of  palladium  become  available,  the 
problem  may  be  changed.  But  the  writer  believes  the  experi- 
ments of  the  E.  P.  S.  company  in  England,  and  those  of  the 
Julien  company  in  this  country  exhausted  the  possibilities  under 
commercial  conditions,  and  that  we  have  seen  no  better  battery 
than  theirs.  It  is  often  said  that  the  patent  complications  stopped 
the  secondary  battery  experiments  in  this  country  (they  did  not 
in  Europe),  but  I  am  unable  to  understand  how.  The  Brush 
company  has  the  patent  rights,  and  the  Julien  company,  or  its 
successors,  the  exclusive  license,  and  I  have  not  heard  of  any 
extraordinary  exertions  on  the  part  of  the  Brush  company  to 
reduce  their  surplus  by  secondary  battery  experiments — and  I 
do  know  that  the  cars  used  in  the  Julien  company's  Fourth 
Avenue  trials  are  for  sale  at  "  genuine  bargain  "  prices.  I  admit 
that  I  may  be  mistaken,  but  universal  experience  is  a  pretty  safe 
guide,  and  any  one  trying  to  work  out  a  system  of  accumulator 
traction  has  my  sympathy,  and  my  prayers  that  he  may  early 
see  the  error  of  his  wav  and  return  U)  the  fold  before  the  last 
fatted  calf  has  been  killed  and  eaten ! 

In  a  paper  read  before  the  American  Street  Railway  Associa- 
tion, at  Pittsburg,  on  October  21st,  1891,  Mr.  George  W.  Mans- 
field said : 

"  Our  rival  is  the  cable.  It  certainly  does  look  as  if  for  the 
"  enormous  sums  they  expend  in  making  their  system  feasible, 
"  we  ought,  for  an  equal  sum,  to  make  ours  perfect.  Mechanic- 
"ally  it  is  an  assured  success,  but  electrically  it  has  not  so 
"  proved." 

In  large  cities,  the  cable  is  a  real  rival  of  electric  traction,  and 
in  many  places  has  proved  commercially  successful.  But  there 
are  some  things  that  may  give  the  electrician  hope.     The  cable 
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"  necessary  that  the  conductors  shall  remain  insulated  from  each 
"  other  and  from  the  ground  under  all  conditions  of  weather.  The 
"exigencies  of  heavy  rains  and  snows  necessitate  a  construction 
"  winch  shall  permit  of  a  thorough  insulation  of  the  conductors 
"  and  a  drainage  of  the  entire  system.  There  are  other  minor 
"  points  which  require  to  be  taken  into  consideration.  Without 
"  going  into  details,  it  is  sufficient  to  say  that  the  conduit  system 
"has  been  tried  on  an  extensive  scale  in  Denver,  Cleveland,  and 
"  Boston,  and  to  a  lesser  extent  in  several  other  places,  but  in 
"every  case  the  contiimal  interference  consequent  upon  its  use 
"  has  exhausted  the  patience  of  the  traveling  public  and  compelled 
"  its  abandonment." 

Mr.  Mansiield,  in  the  paper  quoted  above  (also  Ilering,  p.  170), 

savs: 

• 

"  In  spite,  however,  of  all  this  refinement  and  study,  prac- 
"  tically  nothing  has  been  accomplished ;  and  I  have  no  hesita- 
"tion.m  saying  that  the  continuous  live  conductor  in  an  open 
"slotted  conduit  is  to-day  a  failure,  and  that  it  caimot  be  made  a 
"success  throughout  our  cities  of  to-day,  its  fatal  weakness  beino: 
"  our  inability  to  prevent  the  conduit  from  becoming  filled  with 
"  water,  mud,  etc.  The  time  may  come  when  our  sewerage  sy*^ 
"tems  will  he  perfect  enough  to  enable  us  to  overcome  this  fatal 
"  weakness.  To-day,  however,  they  are  not,  and  even  an  opti- 
"  mistic  view  puts  this  time  a  long  way  distant." 

Mr.  F.  II.  Monks,  of  Boston,  says  :  "  The  conduit  system  has 
"been  thoroughly  tested,  and  has  been  shown  to  possess  no  com- 
"  mercial  value  for  the  propulsion  of  street  cars  to  date."     The 

standard  work,  "  The  Electric  liailwav  in  Theorv  and  Practice, 

by  Oscar  T.  Crosby  and  Louis  Bell,  Ph.  D.,"  says,  p.  255 : 

"  The  fundamental  difficultv  with  all  slotted-conduit  electric 
"roads  is  the  enormous  difficultv  of  proper  insulation.  This 
"arises  from  the  very  nature  of  the  cAse,  for  the  conductors  are 
"  placed  in  a  tube  of  limited  diameter  in  free  communication 
"with  the  open  air  through  the  slot.  Water,  dirt  and  mud  iu- 
"evitably  find  their  way  in,  and  sooner  or  later  the  result  has  l>een 
"either  a  positive  short-circuit  at  a  single  point,  or  general  leak- 
"  age  alone^  the  line  m  sufficient  quantitv  to  paralvze  its  oper- 
"ation." 

Thk  Bkntlky-Knight  System. 

We  have  alreadv  referred  to  this  ill-fated  method.  Thev 
failed,  but  they  made  a  noble  fight.  They  had  talent,  exi>eri- 
ence  and  money,  and  they  did  thoroughly  demonstrate  that  a 
conduit  road  using  a  bare  wire  cannot  operate  commercially  in 


1893.] 


STETSON  ON  ELECTBIC  CONDUIT  RAILWAYS. 


our  American  citien,  I  do  not  say  that  it  is  impossible  to  find 
men  who  will  still  pnt  their  money  into  wucli  systems,  nor  do  I 
maintain  that  men  cannot  \>e  found  to  spend  shareholders'  money 
in  such  experiments,  but  parties  working  in  that  direction  can 
well  learn  from  the  sad  experience  of  the  investors  in  tlieBentley- 
Kniglit  road.  The  laws  of  electricity  have  not  changed  since 
then  ;  no  great  improvements  have  been  made  in  insulating  bare 
coiiductor«;  and,  although  I  have  examined  a  nnmber  of  conduits 
with  bare  conductors,  none  of  them  have  shown  better  construc- 
tion, such  expert  technical  skill,  such  regard  for  the  laws  of 
electricity,  and  none  came  nearer  sHccecs.  It  is  the  same  old 
story,  too  great  expense  and  the  iniponsihility  of  insulation. 

In  this  system  there  is  a  conduit  between  the  rails,  provided 
with  a  slot,  through  which  iwsses  a  brush  for  making  contact 
with  the  hare  wii'es  laid  in  the  conduit.     Thev  use  a  constant 
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potential,  about  500  volts  being  the  normal  voltage.  The  current 
strength  is  about  7.5  amj>eres,  and  the  motor  used  will  stand  Oi.> 
amperes  for  half-an-honr.  The  electrical  equipment  is  mounted 
on  the  truck,  entirely  independent  of  the  car  body,  aud  the  ear  is 
started  and  controlled  preciw^'ly  as  the  trolley  car  \i^.  The  cut 
Fig.  1  shows  the  essential  features  of  their  construction,  and  at 
the  left  is  shown  a  <liagram  of  the  conduit  and  the  "  i)low."  The 
"contact  plow"  is  shown  in  the  next  cut  Fig.  2.  "It  consists 
"of  a  flat  frame  hung  from  the  car  by  transverse  guides,  on 
"  which  it  is  free  to  slide  the  whole  widtii  of  tlie  car,  and  extend- 
"ing  thence  down  through  the  slot  of  the  conduit.  It  is  provided 
"with  a  swivel  joint,  si>  as  to  adjust  itself  to  all  inecjualities  of 
"road  or  conduit.  The  frame  carries  two  flat  insulated  coiiduc- 
"tor  cores  to  the  lower  ends  of  which  are  attached,  by  a  spring 
"hinge,  einal]  contact  shoes  of  chilled  cast-iron  that  slide  along  in 
"contact  with  the  two  main  conductors.     At  the  upper  ends  are 
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"  attached  flexible  connections  to  prevent  flashing  at  tlie  contact." 
This  road  was  worked  in  the  winter  time  during  the  aeamn  of 
1884-5. 

The  insnlatine  eapport  is  "of  vitreous  materia)  having  snpport- 
"ing  pins  sealed  in  it  for  connecting  it  to  the  conductor  and  to  the 
"  w5l  of  the  conduit  inclosing  the  conductor,  and  liHving  a  ilange 
"at  its  base  for  protecting  the  conductor  from  the  moisture  that 
"may  accumulate  upon  it  or  the  walls  of  the  conduit.  To  prc- 
"vent  the  water  coming  in  throueh  the  slot  from  causing  a  leak 
"from  the  conductor  to  the  metallic  conduit,  the  insulator  is  pro- 
"vided  with  a  water-shed  flange  at  its  ba^e,  which  is  preferably 
"curved  outward  on  the  form  of  a  saucer,  though  any  Buitablv- 
"sliaped  flange  may  be  employed,  and  the  insulator  extends  ont 


Fm.  2.— Conlact  Plow. 


"horizontally  from  the  conduit,  so  that  the  flange  occupies  an  u[)- 
"right  ]>08ition,''  Tliiw  in  taken  from  IT,  S,  Patent  Js'o.  ■t.'>5,;i:W, 
of  July  7,  1891,  to  Walter  II.  Ivnight,  and  further  on  in  the  jyinie 
patent  Mr.  Knight  sounds  the  key-note  of  the  entire  situation, 
and  shows  the  rock  upon  which  he  and  otherri  using  t)ie  same  sys- 
tem liave  wrecked  their  barks.  lie  says:  "It  has  been  found 
"that  upon  the  insulators  there  is  apt  to  l>e  an  excessive  conden- 
"sation  of  moisture,  owing  to  the  fact  that  the  conduit  is  beneath 
"  the  surface  of  the  street,  and  that  at  certain  times  an  e.tecssive 
"  leakage  is  apt  to  occur  at  certain  ones  of  the  insulators,"  and  he 
goes  on  to  say:  "This  leakage  has  a  tendency  to  correct  itself, 
"that  is,  the  heat  engendered  by  the  [lassage  of  the  leaking  cnr- 
"rent  dries  up  the  moisture  which  has  given  rise  to  it." 
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True,  hilt  tliat  is  rather  an  exi>eiiBive  dicing  proceftfi.  Electric 
energj'  cwte  money  to  produce,  and  it  loues  as  ite  distance  from 
the  prime  inotor  increases,  and  tlien  to  use  it  for  keeping  the 
streets  of  cities  dry  (for  it  really  ainountii  to  that)  is  liard  on  the 
coal  pile  and  the  anticipated  dividendtt  I  The  Bentley- Knight 
conduit  system  was  tlie  harhiiiger  of  hetter  things.  Splendidly 
constructed  and  well  managed,  hut  working  on  the  wmng  prin- 
ciple, it  stands  to  the  commercially  practicable  conduit  road  of 
the  present  and  the  future,  in  aljout  the  relation  of  the  telephone 
of  Philip  Reis  to  the  finished  product  of  Professor  Bell's  genius. 


Fig.  8. — Love  Conduit. 

Of  the  Ijove  system,  now  working  in  Washington,  I  have  not 
been  able  to  get  any  aconrate  or  reliable  information,  and  I  have 
lieard  no  favorable  re|M>rts  thei'eon  fi-oni  impartial  authorities. 
Their  conduit  is  well  built,  their  road  irt  level,  and  tlieir  wires  are 
protected  in  the  same  manner  as  failed  to  protect  the  Bentley- 
Kniglit  conductors.  The  details  ilo  not  aj'pear  to  have  been 
worked  out  so  completely  aw  tlioy  were  in  the  Bentley-K night 
system.  About  Thanksgiving  of  last  year  I  was  in  Chicago,  and 
took  occasion  to  visit  and  inspect  the  Love  railway.  It  wan  not 
running  at  the  time,  Imil  nut  been,  i  was  infoi'med,  for  a  couiile 
of  months,  and  it  was  exceedingly  doubtful  when  it  would  start 
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again.  I  saw  a  plain,  level  piece  of  track,  one-half  to  three- 
fourths  of  a  mile  in  length,  ov^er  which  two  cars  were  to  be  run,  and 
at  the  power  liouse  a  generator  of  125  horse  power!  Now,  gen 
tlemen,  that  is  not  practical  electrical  engineering !  There  is 
the  same  bare  wire  in  the  conduit,  and,  until  the  laws  of  Natnre 
are  changed,  tliere  must  be  the  same  difficulties  that  have  frus- 
trated other  attempts  in  the  same  direction.     Of  the  Chicago 

conduit  road  Crosby  and  Bell  say,  p.  256 :    "  The  general  charac- 

"ter  does  not  insure  immunity  from  the  difficulties  that  have 

t/ 

''caused  tlie  abandonment  of  similar  attempts  in  the  past." 

The  Buda-Pesth  Tra^hvay. 

At  Buda-Pesth,  in  Hungary,  is  the  only  conduit  road  eraplov- 
ing  a  bare  conductor  that  has  ever  achieved  measurable  commer- 
cial success.  The  best  description  I  have  been  able  to  obtain  is 
found  in  the  book  of  Mr.  Hering  :  "  Recent  Progress  in  Electric 
Railways,"  pages  175  et  aeq.: 

"  The  conduit,  as  seen  in  Fig.  25 "  (see  Fig.  4),  "  is  placed 
"  under  one  rail.  It  consists  of  castings  having  flanges  of  IS 
"  centimetres  (7  inches)  placed  every  1.2  metres  (about  4  feet), 
''the  space  between  bemg  a  conduit  of  concrete.  The  oval 
"shaped  conduit  has  a  width,  clear,  of  28  centimetres  (11  inches), 
"  and  a  height  of  83  centimetres  (13  inches). 

"  The  slot  consists  of  two  beam  rails  having  no  inside  lower 
"  flange,  and  fa.'^tened  to  the  conduit  frames  by  wrought-iron 
"  angle  pieces.  The  width  of  the  slot  is  33  millimetres  (I  j^^  inche?f), 
"  the  total  depth  of  the  foundation  below  the  mil  top  is  li)  centi- 
"  metres  (27^  inches).  The  conductors,  both  positive  and  negative, 
"are  made  of  angle  irons,  secured,  as  seen  in  the  flgure,  by 
"  means  of  insulators  fastened  to  the  castings.  They  are  suffiei- 
"  ently  high  above  the  floor  of  the  conduit  to  be  protected  from 
"  the  water  which  may  collect  in  the  conduits.  They  are,  further- 
"  more,  under  the  top  of  the  oval,  so  that  they  cannot  be  touched 
"from  the  outside.  It  should  be  noticed  that  there  is  no  earth 
"  return  used  with  this  system,  as  both  leads  are  insulated.  The 
"  water  which  runs  into  the  conduit.s  is  collected  at  the  lowest 
"  points,  and  passes  through  settling  boxes  to  the  sewers.  The 
''  second  track  may  be  of  any  desirable  form,  even  only  a  flat 
"  rail.  An  objection  to  having  the  conduit  under  one  rail  in- 
"  stead  of  in  the  middle  arises  in  cases  where,  by  the  nature  of 
"  the  course  of  the  track  and  the  curves,  the  cars  become  reversed 
"in  their  positions  on  the  track;  such  cases  can  probably  be 
"  avoided  by  proper  laying  out  of  the  road,  and  in  the  worst 
"  case  by  a  second  conduit  under  the  outer  rail  for  parts  where 
'*  it  cannot  be  avoided.  On  a  one-track  line  the  cars  must  have 
"  their  front  and  back  platforms  alike,  as  they  cannot  be  tume<l 
"around." 
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"  T)ie  car  truck  and  the  motor  are  the  same  as  those  used  in 

"crtiinection  with   their  overliead  system ; "    "Only 

"  one  axle  is  driven  ;  the  other  is  flexibly  connected  to  the  tliird 
"  jmint  of  support  of  the  motor  frame.  The  startinfi,  stopping 
"  Rn(J  reversing  of  the  motor  is  done  as  nsnal  by  a  crank  at  either 
"  end  of  the  car  operating  the  same  switclieB.  Controlling  resis- 
"  tances  are  placed  under  the  body  of  the  car," 

" In  a  pubhe  address,  one  of  the  engineers 

"of  the  company  stated  tliat  the  latest  figures  (July  and  August, 


Fto,  4.— Buds-PcMh  Conduil. 

"IsiU),  of  the  oortt  of  ninning  were  only  37  per  cent  of  the  in- 

"come,  which  certainly  is  remarkably  low."     .    

In  this  place  I  wish  to  call  attention  to  two  facts — first,  that  the 
width  of  the  slot  is  greater  than  could  be  allowed  in  any  Amer- 
ican city,  since  it  would  let  into  the  conduit  and  wrench  the 
wheels  off  two-thirds  of  our  carriages.  This  system  must  have 
that  width,  since  their  conduit  uses  one  of  its  slot-rails  as  a  rail 
for  the  wheels  of  the  car,  and  they  must  have  the  width  to  give 
room  for  the  flange  of  the  car  wheel.  The  second  point  I  wish 
ti>  call  attention  to  is  the  fallacy  of  giving  the  ratio  of  operating 
expenses  to  tlie  net  rcecipti^.  That  can  bo  manipulated  in  such  a 
way  that  it  is  impossible  U*  draw  any  sure  conchisiontt  therefrom. 
Only  a  short  time  since,  a  geiitlcnmn  connected  with  the  electric 
railway  in  the  city  where  tliey  claim  to  have  the  best  roads  in  the 
country  told  me  that  their  (■perating  exiKjnses  were  oidy  +5  per 
cent,  of  their  receipts.  Any  fair  way  of  reckcming  "  operating  ex- 
penses," means  that,  in  this  case,  salaries  and  cost  of  miming  were 
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45  per  cent,  of  tlieir  total  expenses.  If  that  is  bu,  what  becomesof 
the  other  55  per  cent,  of  income !  Does  it  go  into  the  pockets  of 
the  shareholders,  or  do  the  ofBcialfi  make  way  with  the  differenw. 
between  a  "tight  squeeze,"  7  per  cent,  dividend,  and  the  large 
margin  between  55  per  cent,  and  7  per  cent  i  I  am  sore  that  no 
member  of  this  Institute  will  1)8  deceived  by  any  exceedingly 
email  "  operating  expenses,"  Anotlier  point  to  be  noticed  above 
is,  that  they  use  only  300  volta  potential.  Most  of  ue  believe 
that  Mr,  Daft,  in  his  experiments  years  ago,  exhausted  the  prsf- 
ticahilities  of  electric  traction  at  300  volts.  But,  perhaps,  tlie 
volte  are  individually  more  powerful  in  Buda-Pesth  than  the 
"North  American  volts"  used  in  New  York. 

Crosby  and  Bell's  book,  quoted  frequently  before,  aays  (p^ 
258) :  "Ab  will  be  seen  from  the  deacriptioTi  just  given,  the  oon- 
"  duit  itself  possesses  no  very  extraordinary  features ;  it  is  Biinply 
"  well  made,  substantial  and  carefully  drained.  This  latter  tart 
"is  probably  the  most  important  factor  in  the  very  good  renultt 
"obtained.  The  concrete  conduit  is  of  itself  a  fair  insulator,  and 
"serves  as  an  additional  security  against  grounds." 


Fia.  6.— Motor  Truck,  Buda-Pesth  BjHn 


The  Buda-Pewth  record  iw  certainly  remarkable,  standing ali>ne 
as  Muecessftil  among  all  the  failures  that  have  attended  conduit 
experiments.  It  has  not,  however,  been  all  plain-satlitig,  ami 
they  have  had  some  interruptions  in  tlieir  traffic.  What  succew 
lias  atteniled  the  Buda-I'esth  road  has  been  due  tu  several  causes, 
first  of  all  coming  the  escellent  workmanship  that  goes  witli 
everytliing  done  by  the  world-i-enowned  finu  of  Siemens  and 
.Ilalskc.     Next  come  the  beautiful  streets  of  Buda-Pesth,  no  city 
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in  the  world  excelling  it  in  finely  kept  and  well  drained  streets. 
Labor  is  very  cheap  there;  large  numbers  of  men  can  be  em- 
ployed to  keep  the  streets  clean  and  the  conduit  clear,  while  our 
dear  American  labor  would  make  ''opemting  expenses"  tell  a 
sad  tale.  Third,  an  equable  climate,  enjoyed  in  none  of  onr 
cities.  Snow  seldom  falls  there,  and  the  rain-fall  is  not  great. 
Such  a  state  of  affairs,  so  many  favorable  conditions,  would  be 
found  nowhere  in  America,  and  until  thev  are  found  combined, 
there  is  no  good  reason  for  thinking  that  the  Siemens  and  Ilalske 
system,  employing  the  same  bare  conductor  and  the  same  con- 
struction that  has  failed  here,  would  do  any  more  than  add 
one  more  wreck  on  the  shore  of  conduit  ventures.  You  must 
remove  that  bare  conductor  from  the  conduit,  change  the  cli- 
matic conditions  of  our  country,  change  the  laws  of  Nature  and 
of  electricity,  or  you  cannot  have  a  commercially  practicable  con- 
duit svstem  of  that  tvpe.  We  must  hav^e  a  svstem  that  does  not 
require  us  to  change  our  streets  and  our  climate,  but  that  will 
take  the  rough  and  tumble  conditions  as  they  exist  in  all  our 
towns,  overcome  all  climatic  ditttculties,  pay  no  attention  to  flooded 
conduits  and  poor  drainage,  and  work  summer  or  winter,  whether 
the  sun  shines  or  not !  If  a  road  has  a  grade,  and  a  heavy  shower 
suddenly  comes  up,  the  water  will  collect  in  the  hollows  faster 
than  any  practicable  drainage  system  can  carry  it  away,  and  the  suc- 
cessful road  nmst  work  right  along,  undisturbed  by  such  trifles. 
Any  ])are  wire  laid  in  a  conduit,  call  the  system  by  whatever 
name  you  will,  must  inevitably  break  down  under  such  condi- 
tions.  But  an  electric  system,  like  any  other  traction  system, 
should  never  break  down,  more  especially  in  bad  weather,  when 
the  public  most  need  traveling  accommodations. 

There  remains  still  one  class  of  conduits  to  be  considered  before 
passing  to  the  system  that  has  shown  a  solution  of  our  troubles, 
or  as  near  it  as  we  can  reasonably  hope  to  come  in  the  immediate 
future. 

Closed  Conduits. 

The  idea  of  a  closed  conduit  has  had  charms  for  many  inven- 
tors,  and  much  midnight  oil  has  been  consumed  over  this  prob- 
lem. The  same  difliculty  is  met  with  in  all  of  them,  viz.,  the 
continuous  grounding  of  the  live  wire.  Where  magnets  are 
used  to  switch  in  short  sections  of  the  line,  they  hav^e  proved  a 
constant  source  of  trouble.     Such  things  often  show  up  well  in 
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''meiit  extending  ite  entire  length.     The  operation  of  the  inveu- 
"tion  is  as  follows :  The  plow  as  it  passes  tlirough  the  slot  strikes 
"a  lever  in  connection  with  each  box,  which  lifts  for  a  distance 
''of  six  or  eight  inches  above  the  ground  a  piston  carrying  the 
"contact  piece  proper.    This  is  made  in  the  shape  of  a  right  angle 
"liook  placed  in  a  vertically  moving  ])iston,  and  thoroughly  insu- 
"lated  from  it.    As  this  is  raised  up,  the  long  contactplate under 
"the  car  passes  beneath  the  hook  and  holds  it  up.     Tlie  current 
"is  taken  into  the  car  as  the  plate  slides  under  the  live  hook. 
"Naturallv,  as  tlie  car  passes  along,  the  hook  slides  oflF  from  the 
"end  of  the  contact  bar  and  drops  back  into  place.     To  protect 
"  this  hook,  or  contact  piece  proper,  it  is  covered  with  an  exten- 
"sion  of  the  cylinder,  so  that,  as  far  as  the  street  is  concerned, 
"the  surface  is  perfectly  smooth,  and  one  sees  nothing  but  a 
"  small  round  cover  in  the  center  of  each  of  these  boxes.    The 
"contact  hook  is  alive  only  when  it  is  resting  on  the  contact  plate 
"of  the  car.     Certainly,  m-so-far  as  getting  rid  of  all  trouhle;? 
"due  to  the  street  being  covered  with  water,  this  is  successful. 
"The  fatal  weakness  whereby  the  contact  points  remain  penna- 
"nently  on  the  street  surface  is  obviated  here  by  the  contact 
"point  being  practically  lifted   six  or  eight   inches  above  the 
"  surface." 

Thus  saith  Mr.  Mansfield,  but  there  are  some  things  to  he 
luoked  at  in  this  device.  1st.  There  are  too  many  working  parts 
to  rust  and  get  out  of  order.  2d.  On  a  dry  day,  dirt  would  get 
into  the  hole  out  of  which  the  contact  plate  is  lifted,  and  on  a 
muddv  (lav  the  hole  would  be  filled  up  immediately,  so  that  the 
plate  would  not  go  back  into  place.  It  would  therefore  be  neces- 
sary to  have  a  man  at  each  contact  plate,  or  about  every  six  or 
eight  feet.  The  plate  must  go  back  into  place,  in  order  to  leave 
the  street  level.  M,  The  contact  plate  must  be  made  very 
strong,  in  order  that  it  may  withstand  the  heaviest  traffic  of  our 
streets.  Hence  the  problem  of  lifting  and  dropping  such  a  plate, 
as  would  be  neccessary,  with  the  car  going  i\  or  S  miles  an  hour, 
is  not  a  simple  one. 

1  do  not  wish  to   be  rash  in  my  judgment,  but  1  see  nothiiii? 

especially  promising  in  any  of  these  closed  conduit  or  surf  are 

contact  devices.  As  Mr.  Mansfield  says :  "  Summiui^  up  the 
"general  results  of  the  underground  and  surface  methocls,  it  cer- 
"  tainly  does  not  look  as  if  we  could  expect  very  much  from  them 
"in  the  immediate  future.'' 

Such  was  the  state  of  the  art,  and  such  the  general  outlook  for 

success,  when  over  a  year  ago  I  became  engaged  in  some  attempt> 

to  solve  the  problem  at  (^oney  Island.     This  system  was  not  a 

tJiidden  idea,  but  had  been  a  "gradual  development.     For  nearly 
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two  jears  it  ha«  been  beiug  gotten  itito  shape,  and  a  number  of 
inventors  have  contributed  their  share  towards  its  completion 
and  BQcceBs.  I  believe  tliie  is  a  good  place  to  tell  the  real  liistorj 
of  the  invention.  There  have  been  many  incorrect  statements 
in  the  newspapers  in  reference  to  tliis  device.  No  one  would 
object  to  certain  parties  getting  credit,  even  if  it  did  not  belong 
to  them.  But,  when,  by  giving  this  credit,  a  great  injustice  is 
done  to  those  who  did  the  real  work,  it  becomes  a  matter  of  duty 
to  set  the  affair  forth  in  its  true  light.  The  original  idea  of  the 
box  used  down  there,  and  the  working  of  it  out  to  its  completed 
form  belongs,  I  may  say  modestly,  to  me. 


Fio.  6.— The  Mud  Test. 


Among  those  who  have  worked  upon  tlie  details  of  the  inven- 
tion, I  jnay  mention  Mr.  CI,  T.  Woods,  Mr.  C.  S,  Van  Nuis,  and 
Mr.  John  H.  Dale;  but  whatever  success  it  has  attained  has  been 
due  to  the  suggemtions  and  inventions  of  Mr.  John  J.  Green, 
who  brought  to  the  work  the  mind  of  the  inventor,  and  the  skill 
of  the  trained  mechanical  and  electrical  engineer. 

Such  being  the  state  of  tlie  art,  the  outlook  being  thus  un- 
promising, knowing  what  had  been  done,  having  spent  four 
months  in  the  Patent  Office,  having  examine<l  the  traction  ques- 
tion on  the  whole  Continent  of  Europe,  we  set  to  work  to  con- 
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struct  a  Bysteni  tlmt  eliould  avoid  the  defects  iolierent  in  otber 
devices.  To  strengtiieii  tlieir  weak  points,  to  make  an  all-the- 
year-round  syetein,  was  our  object.  I  assert  with  the  utmost 
confidence  that  we  have  succeeded.  To  have  gone  over  the  Bsine 
old  ground,  in  the  same  old  way,  would  have  heen  folly  for  sdj 


Fig.  7, — Conduit,  showing  Cables  and  Bozei. 


one  knowing  of  preWous  attempts  and  failures.  Perfect  insu- 
lation, no  live  wires  in  the  conduit,  fewest  possible  working  parts, 
with  nothing  to  get  out  of  order.  These  were  our  cardinal 
points.  We  have  not  attempted  to  make  a  road  operative  in  tine 
weather,  and  under  ideal  conditions ;  but  have  known  that  to 
ensure  succcbs  we  must  take  the  streets  as  we  find  tliem,     Thev 


Fio.  8.— The  Sboo. 


will  get  muddy,  rain  will  fall  and  snow  will  come,  and  if  a  slotted 
conduit  road  is  to  suceec-d,  it  must  work  undisturbed  by  them. 
We  have,  on  three  occaaiontj,  filled  our  conduit  to  the  top  with 
mud  and  water,  l)nrving  oiit  of  sight  conductors,  contact  boxeB 
and  all   the  devices.     (The  illustration.  Fig.  ti,  sliows  our  eon- 
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duit  in  process  of  being  tilled.)  Mnd  of  the  consistency  of 
paste  was  used,  and  the  report  of  a  disinterested  electrician,  not 
known  to  me  personally,  brought  there  by  the  editor  of  one  of 
our  leading  electrical  journals,  shows  that  the  system  was  in  no 
manner  affected.  With  the  shoe  of  the  car  in  the  mud,  with 
boxes  entirely  submerged,  the  ordinary  measuring  instruments 
failed  to  show  anything  but  the  best  insulation,  and  no  disturb- 
ance of  traffic  would  arise  with  50  cars  in  a  conduit  filled  with 
mud  and  water.  l!so  such  condition  would  ever  present  itself  in 
railway  work,  but  a  space  of  several  hundred  feet  might  get  full 
of  nmd,  snow  or  water,  and  the  successful  svstcm  must  not  be 
disturbed  by  such  trifles.  We  made  our  mud  test,  not  once,  but 
three  times.  When  the  last  test  was  made,  our  boxes  had  been 
under  the  nmd  four  davs:  vet  it  is  to  those  boxes  that  Mr. 
Stevenson's  report  refers.  Four  days'  submergence  is  a  terribly 
hard  test,  but  if  the  line  then  works  perfectly,  there  is  absolutely 
nothing  to  apprehend  from  an  occasional  filling  up  during  a 
shower. 

Description. 

A  conduit  is  used,  similar  to  that  of  cable  roads,  but  nothing 
like  so  large  or  expensive.  With  our  improved  shoe,  a  conduit 
two  or  three  inches  wide  and  seven  inches  deep  will  answer  per- 
fectly. In  the  slot  of  the  conduit,  attached  to  the  car,  runs  a 
shoe  extending  nearly  the  length  of  the  car. 

Fig.  8  shows  the  shoe  detached  from  the  car ;  the  upwardly  pro- 
jecting pieces  are  the  guides  for  making  the  shoe  follow  the 
conduit  and  confonn  to  the  curves. 

The  shoe  is  so  supported  that  should  the  car  leave  the  track  it 
detaches  itself  immediately  and  remains  on  the  top  of  the  con- 
duit. It  cannot  get  caught,  as  the  cable  grip  sometimes  does, 
and  drag  the  car  along  through  crowded  street  at  a  dangerous 
speed.  As  seen  in  the  illustration,  the  shoe  is  somewhat  like  a 
cigar  in  shape,  so  as  not  to  give  any  sharp  blow  to  the  contact 
arms.  The  sides  of  the  shoe  are  formed  of  conducting  material, 
insulated  from  each  other,  and  perfectly  flexible,  so  as  to  follow 
any  curves.  The  shoe  can  be  attached  to  and  detached  from  a 
car  in  five  to  ten  seconds. 

In  the  conduit  are  placed  two  insulated  cables,  a  metallic  return 
being  used.  This  I  regard  as  necessary  to  ensure  perfectly  safe 
working.      These  cables  run  into  and    through   contact   boxes 
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placed  at  intervals  of  ten  feet  on  each  side,  they  being  arranged 
diagonally  opposite,  so  that  the  distance  between  the  boxes  ii 
about  five  feet.  The  construction  of  the  boxes  and  the  functioiif 
of  their  various  parts  will  be  readily  understood  from  the  illw- 
trations.  One  sliows  the  box  closed  and  the  cable  running;  mto 
the  box,  the  other  the  box  opened  and  the  method  of  securing  con- 
tact with  the  cable  {see  Figs,  it  and  10). 

The  main  is  carried  into  the  box  and,  as  can  be  seen,  tlie  lead 
and  insulation  removed  for  about  two  inches.     Onto  this  bawl 


Fio.  fl— Box  Closea. 


cable  there  is  placed  a  bras.i  clamp  with  two  upwardly  projecting 
tongues. 

The  contAct-niaking  portion  of  the  device  is  a  vertical  rod, 
having  at  its  upper  end  an  arm  projecting  into  the  conduit,  and 
at  its  lower  end  a  brush  adapted  to  be  brought  into  contact  with 
the  tongues  attached  to  the  calile.  This  rod  and  its  bearings 
must,  of  course,  l)e  projterly  insulated  from  the  contact  box, 
Wlicn  no  ear  is  jMUssing,  the  brush  is  out  of  all  electrical  eonnei'- 
tion  with  the  current  conductor,  but  when  the  shoe  on  the  car 
rciiclies  the  arm  projecting  into  the  conduit,  it  swings  it  to  one 
cide,  bringing  the  bnish  on  the  rod  into  contact  with  the  tongues 
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fastened  to  the  conductor,  and  tlie  Gurreiit  passes  to  the  motor  on 
the  csr.  As  soon  as  the  shoe  on  the  car  has  passed  the  box,  a 
torsion  spring  forcee  the  rod  hack  into  its  normal  position,  and 
that  box  is  dead.  The  box  is  filled  as  far  as  it  can  be  without  in- 
terfering with  the  movement  of  the  brush  witii  solid  paraffin, 
and  above  that  with  "transil  oil."  This  makes  excellent  insnla- 
tion.  Of  course  the  spindle,  which  at  times  becomes  "alive," 
and  its  bearings  are  thoroughly  iuKulated  from  all  parts  of  the  box 
and  cable,    Notliing  can  be  better  than  an  insulated  cable,  covered 


Fig.  10.— Box  OptDcd. 

throughout  its  entire  length  with  a  highly  resisting  niHterial,  and 
at  the  points  where  current  is  sujtplied  to  the  vjav  an  insulation 
practically  infinite. 

Xo  accident  to  persons  ()r  nnhnals  appears  possible  with 
this  system.  To  avoid  Hparking  within  the  box,  the  ends  of 
the  shoe  atc  made  i»f  insulating  material,  thereby  establishing 
mechanical  contact  within  tlio  box  before  the  metallic  portion 
comes  into  contact  with  the  arm,  and  also  holding  the  inside 
contact  after  the  current  ceases  to  fiow  to  the  miitor,    TU\*  i*  au 
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important  feature,  for  without  such  an  arrangement  the  brushes 
would  Boon  burn  out,  the  oil  become  carbonized  and  the  boxes 
useless. 

Thus  far  I  have  described  the  box  that  we  used  at  the  Island, 
but  it  has  long  since  been  consigned  to  the  usual  receptacle  for 
the  rejected  productions  of  progressive  inventors.  It  did  its 
work  and  did  it  well :  it  pointed  the  way  to  better  things,  and 
we  liave  several  forms  of  box,  entirely  obviating  the  defects  in 
the  first.  The  number  of  working  parts  has  been  reduced,  and 
we  now  have  the  device  brought  down  to  its  lowest  terms.  I 
regret  that  it  is  not  po8sil)le  for  me  to  show  these  improvements, 
but  patents  have  not  been  obtained  on  some,  and  on  others  not 
yet  applied  for. 

As  a  guide  for  futui*e  investigators,  I  will  enumerate  the  l)est 
features  and  the  defects  of  the  old  box,  as  I  understand  them. 
1st.  Its  insulation  was  excellent,  that  is,  the  theory  of  its  insula- 
tion was.     But  oil  insulation  is  in  many  cAses  a  fraud,  a  deception 
and  a  snare.    The  best  oil  insulation  is  not  so  good  as  that  of  air 
containing  S0%  of  moisture.     Oil  and  water,  perhaps,  won't  mix, 
but  oil  will  attract  moisture,  and  the  two  will  make  an  emulsion 
that  will  cause  the  investigator  nmch  sorrow  and  mental  anguish. 
Ordinary  paratKn  oil,  even  the  highest  grades  obtainable,  con- 
tains a  great  deal  of  water,  which,  in  a  device  like  this,  will  cause 
disastrous  short-circuiting.     Tninsil    oil   seems  the  best  for  the 
purpose.      At   Coney  Island,  before  we  adopted  transil  oil,  our 
boxes  would  go  wrong,  in  spite  of  all  we  could  do,  and  we  onlv 
discovered  the  trouble  by  putting  some  of  our  oil  in  a  bottle  to 
settle  over  night,  and  in  the  morning  found  an  abimdance  of  water 
in  the  bottom.    Solid  paraffin  is  the  only  substance  that  we  found 
capable  of  withstanding  the  action  of  paraffin  oil,  and  it  must  be 
the  refined  variety,  such  as  is  sold  in  hard,  white  cakes.     It^  use 
even  was  discarded,  for  when  the  water  would  work  down   the 
spindle  through  our  imperfect  stuffing  box,  the  solid  layer  formed 
a  bed  for  the  moisture  to  rest  upon,  and  being  close  to  our  brush, 
it  short-circuited  the  box.     It  is  better  to  let  the  moisture  settle 
to  the  bottom  of  the  box,  out  of  liarm's  way.     I  don't  think  oil 
should  be  used  on  account  of  its  insulating  properties,  but  for  keep- 
ing the  working  })arts  from  rusting.    2d.  Our  old  box  was  made  in 
several  parts  (a  mistake,  remedied  in  our  new  one-piece  box),  the 
joints  required  planing,  an  expensive  operation.    Paraffin  oil  is  dif- 
ficult stuff  to  hold,  going  through  almost  everything.    In  the  joints 
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we  used  oil  paper,  screwed  tliem  together  as  tightly  as  possible, 
but  the  oil  softened  the  paper  and  tlie  boxes  leaked.  This  we 
remedied  by  painting  the  joints  with  "  Insullac,"  wliich  withstood 
the  oil  excellently.  3d.  Our  stuffing  box  was  a  crude  device,  and 
did  not,  in  many  cases,  keep  out  the  water;  but  this  is  a  simple 
mechanical  affair  remedied  in  our  new  boxes.  Jrth.  A  torsion 
spring  is  not  so  good  as  a  straight  one,  nor  so  reliable  in  its  ac- 
tion. 5th.  We  had  a  short  brush  in  our  box,  when  a  long  one 
should  be  used.  Flexibility  and  sure  contact  are  thereby  secured. 
6th.  It  was  a  mistake  to  have  the  two  upwardly  projecting 
tongues;  one  contact  is  the  thing,  and  the  brush  always  resting 
against  it  when  the  shoe  touches  the  arm.  Otherwise  there  will 
be  a  break  on  reversing  and  consequent  "frilling"  of  the  brushes, 
with  carbonization  of  the  oil.  7th.  To  make  an  oil-tight  joint 
between  the  cable  and  the  box  was  almost  an  impossibility.  We 
taped  the  cable  where  it  entered  tlie  box,  but  when  it  was  tight- 
ened up  tliere  was  often  contact  between  the  lead  covering  and 
the  box.  8th.  The  box  is  too  large.  IHh.  Great  care  must  be 
be  used  in  selecting  and  laying  the  cable.  A  slight  defect  gives 
leakage;  this  decomposes  the  alkaline  earths;  chlorine  and  caus- 
tic soda  are  perhaps  produced,  and  the  cable  eaten  away.  Everj'^ 
joint  must  be  carefully  made  and  carefully  sealed.  Some  one 
may  say  that  it  is  impossible,  but  I  answer  it  is  the  duty  of  the 
supervising  engineer  to  see  that  it  is  properly  done.  If  any  one 
thinks  this  cannot  be  done,  he  is  not  my  ideal  engineer,  and  cer- 
tainly does  not  want  to  meddle  with  electric  conduit  railways. 
These  are  the  defects,  but  we  have  cured  them  all  in  our  new 
system.  The  excellent  principle  of  the  old  box  has  remained 
untouched  by  long  experiment,  the  laterally  yielding  arm  being 
the  only  form  likely  to  answer  the  purpose. 

I  add  the  report  of  Mr.  Stevenson  upon  our  "mud  test." 

THE    BRUSH     ILLUMINATINCJ    CO.,    OF    NEW    YORK. 

Albert  Stltson,  Esq., 

50  Broadway,  New  York  City. 

New  York,  September  21,  '©8. 
Dear  Sir : 

In  accordance  with  your  request  of  yesterday,  in  re  tests  made  by  me  on  the 
new  Electric  Conduit  and  Car  at  Coney  Island,  I  beg  to  submit  the  following 
report : 

The  insulation  resistance  of  the  whole  line,  when  car  is  not  in  circuit,  equals 
63,500  ohms. 

The  insulation  resistance  of  line,  with  shoe  of  car  and  adjacent  switch  boxes 
in  contact  with  shoe  submerged  in  water,  equals  880  ohms. 
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E.  M.  F.  of  power  circuit  equals  858  volU:  858+380=. 926  amp.  loss. 

Seventy-five  feet  of  conduit  were  pumped  up  full  of  water  previous  to  the 
test. 

With  Weston  ammeter  the  reading  was  hardly  discemable. 

The  loss  on  boxes  tested  by  Weston  voltmeter  showed  nothing. 

The  resistance  test  was  made  with  Thomson  tripod  galvanometer,  and  bj 
comparison  with  standard  resistances 

From  the  above  figures  the  following  result  is  arrived  at : 

As  seventy-five  feet  of  the  conduit  were  submerged,  this  would  include 
twelve  boxes.  Therefore,  it  is  safe  to  assume  that  the  loss  was  only  on  tbo^ 
boxes,  as  several  of  the  dry  boxes  tested  showed  no  leakage. 

Then,  as  the  loss  on  the  circuit,  with  boxes  all  open  (that  is  electrically)  was 
.0058  amperes,  equalling  .0027  h.  p.,  the  loss  on  each  box  equals  1^2,  which 
amounts  to  .000488  amperes,  and  which  equals  .000228  n.  p.  It,  therefore, 
would  take  4,484  boxes  entirely  submerged  to  give  a  loss  of  2.113  amperes  or  1 
H.  p.,  and,  as  the  boxes  are  six  feet  apart,  this  equals  5.092  miles. 

The  car  standing  with  shoe  entirely  submerged,  and  the  two  adjacent  boxes 
witli  the  switches  turned  on.  showed  a  loss  of  .926  amperes,  equalling  .438  h.  p. 
And,  as  the  car  takes  about  12  amperes,  this  equals  5.68  h.  p.  on  ordinary 
track.  This  shows  that  it  loses  7.96  per  cent,  of  its  power  when  so  placed ;  or, 
expressed  differently,  thirteen  cars  placed  in  the  same  condition  would  lo» 
about  the  same  amount  of  power  which  it  takes  to  drive  one  car. 

(Signed),  K.  W.  8tf.ven8on, 

Electrician.  Brush  Illuminating  Company. 

[Affidavit  as  to  correctness  attached  ] 

These  are  Hiibniitted  as  verv  remarkable  and  satisfactory  figures, 
but  I  mistrust  that  we  are  entitled  to  more,  as  there  were  five 
lamps  burning  on  our  car,  and  their  consumption  of  energy  niiigt 
have  been  charged  up  as  leakage  on  the  line. 

Now,  although  our  conduit  has  withstood  such  tests,  it  nnijit 
not  be  supposed  that  mud  should  be  allowed  to  accumulate  there. 
It  should  not,  and  the  cleaner  the  conduit  can  be  kept  the  better. 
At  frequent  intervals  mud-holes  should  be  placed,  and  each  car 
should  carry  a  stiff  brush  to  sweep  into  these  any  accumulations 
of  mud,  snow  and  water. 

The  question  has  often  been  raised  as  to  whether  snow  and  ice 
would  clog  up  the  conduit  and  stop  the  car.  The  experience  with 
the  Cleveland  Bentley-Knight  road  shows  that  snow  did  not  stop 
a  road  with  a  bare  conductor  in  the  conduit,  and  it  certainly 
could  not  affect  ours.  You  must  drain  the  condnit,  and  during 
such  weather  as  the  conduit  might  get,  if  left  to  itself,  frozen  up, 
it  mav  be  necessary  to  run  a  car  over  the  track  at  intervals  all 
night.     But  this  would  only  be  required  once,  say,  in  a  winter. 

I  believe  that  our  road  has  solved  the  question  of  conduit  trac- 
tion.    I  have  not  meant  in  mv  review  of  other  systems  to  be  in 
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the  least  unjust  to  other  workers  in  tlie  same  iield.  I  only  take  my 
stand  on  other  well-established  principles,  keep  strictly  to  the  laws 
of  nature  and  electricity,  take  our  climate  as  it  is  and  our  streets 
as  we  find  them,  and  I  assert,  witliout  fear  of  successful  contra- 
diction, that  any  road  to  succeed  must  he  laid  down  practically 
on  these  lines. 

To  smn  up,  then,  the  ohjects  of  such  a  system  are :  To  remove 
from  the  streets  of  our  cities  and  large  towns  the  unsightly 
structure  that  the  trolley  construction  demands;  to  dispel  all 
chance  of  injury  to  persons  and  animals ;  to  present  no  such  light- 
ning conductor  as  the  trolley  line  forms;  to  offer  no  obstacle  to 
the  work  of  the  firemen,  in  case  of  a  conflagration;  to  re- 
move all  risk  of  fires  being  set  by  the  electric  current,  as  fre- 
quently takes  place  with  the  trolley :  to  avoid  corroding  action 
on  water  and  gas  pipes,  and  the  iron  foundati(ms  of  buildings. 
Finally,  to  furnish  all  the  advantages  of  electric  traction,  without 
any  of  the  present  attendant  evils. 

The  main  advantages  of  such  a  system  are  evident,  but  there 
are  others.  The  car  runs  backwards  as  well  as  forwards,  and 
handles  as  nicelv  and  easilv  as  a  locomotive.  There  is  no  trollev 
wheel  to  slip  off  the  wire,  depriving  the  motorman  of  his  power 
at  the  very  time  he  needs  it  most  to  prevent  accidents. 

I  have  endeavored  to  present  our  system  to  you  as  it  is.  1 
have  not  in  any  manner  exaggerated  its  advantages,  nor  do  I 
speak  as  one  who  is  led  to  be  enthusiastic  over  something  that 
is  new.  I  am  too  experienced  in  such  matters  and  have  seen  too 
many  new  things  spring  into  momentary  notoriety,  only  to  sink 
into  oblivion.  1  believe  in  the  practicability  of  the  electric  con- 
duit, and  believe  that  you  can  profitably  devote  your  attention 
to  the  forwarding  of  that  method  of  electric  traction. 
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Discussion. 

The  President  : — Discussion  of  this  very  interesting  paper  of 
Mr.  Stetson  is  now  in  order. 

Mr.  Nelson  W.  Perry  : — I  would  like  to  ask  Mr.  Stetson 
what  provision  is  made  for  rounding  curves,  both  as  to  the  shoe 
itself  m  its  entirety,  and  as  to  the  insulated  portion  of  the  slice; 
if  there  is  provision  made  so  that  it  will  go  mto  those  guides  on 
a  curve  of  a  given  radius,  how  do  you  provide  for  its  going  into 
those  same  guides  if  the  curve  is  of  a  different  radius,  and  Ssoin 
getting  around  any  curve  with  your  shoe  nine  feet  in  length. 

Mr.  Stetson  : — I  will  try  to  make  that  plain.  Suppose  this 
[illustrating]  to  be  a  platform,  such  as  I  tried  to  show  on  the 
screen.  At  the  end  of  our  shoe  we  have  a  flat  piece  which  rests 
on  the  platform.  It  may  shove  back  and  forth.  When  your 
car  takes  a  curve,  if  it  is  going  one  way,  the  shoe  will  glide  along 
on  this  platform  ;  if  the  other  way,  on  the  other  platform.  The 
shoe  is  so  flexible  that  it  will  bend  up  double.  At  the  end  of  the 
shoe,  in  the  insulated  portion,  there  is  a  slot  cut,  and  in  that 
there  is  a  nut,  which  allows  it  play  either  way.  The  nut  work- 
ing in  the  insulated  portion  permits  flexibility.  If  it  was  not  fur 
that,  if  it  was  a  straight  piece,  the  metallic  portions  would  bend 
in  the  middle  and  would  meet,  but  you  allow  a  slipping  motion 
of  the  nut  in  the  slot.  On  the  end  of  this  shoe  tnere  is  a  rod 
projecting  upward  and  fastening  onto  the  platform ;  then  this 
slides  in  transvei*sely  with  the  bottom  of  the  car.  That  is  all 
the  support  that  it  has.  It  cannot  get  out  because  it  must  fol- 
low the  conduit-slot.  It  is  supported  at  both  ends.  When  the 
car  takes  a  curve  the  support  of  your  shoe  moves  along  either 
to  the  one  side  or  the  other  of  the  platform. 

Mr.  Perry: — Supposing  you  have  a  shoe  like  that  [referring 
to  a  sketch  on  the  blackboard].  Your  shoe  has  to  go  into  these 
two  contacts.  Now  the  shoe  comes  along  here.  How  is  it 
diverted  from  the  tangent  to  the  curve  so  as  to  properly  make 
contact  with  the  next  switch  ? 

Mr.  Stetson  : — I  see.  We  had  a  number  of  guides  so  that  it 
must  take  very  nearly  this  circle  and  follow  it.  Wlien  your 
shoe  is  going  along  it  would  naturally  continue  to  move  on  a 
tangent;  but  the  guide  forces  it  around  the  curve. 

Mr.  Perry  : — Supposing  you  had  provided  for  a  curve  of  a 
certain  radius  and  you  come  to  a  curve  of  another  radius.  How 
would  the  different  diversion  be  accomplished? 

Mr.  Stktson  : — It  would  be  just  the  same.  The  shoe  will 
bend  right  up  in  the  middle  on  your  guides,  and  thus  confine  it 
absolutely  to  the  conduit  slot.  The  course  of  the  shoe  is  abso- 
lutely controlled  by  the  conduit  slot. 

Mr.  Hewitt  : — 1  suppose  it  is  in  order  to  make  some  remarks 
on  the  general  statements  in  this  paper,  not  only  as  appl>ang  to 
the  main  subject  of  Mr.  Stetson's  article,  but  the  previous  part. 
Referring  to  page  <)35,  he  says,  "  With  the  withdrawal  from  the 
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field  of  the  Bentley-Knight  Bystem,  disappeared  the  last  hope  of 
our  being  able  to  place  bare  wires  in  a  slotted  conduit  exposed 
to  the  severe  conditions  of  our  American  climate."  On  the 
next  page  he  says,  in  regard  to  the  Bentley-Kniglit  system, 
"  They  railed,  but  they  made  a  noble  fight,  and  they  did  thor- 
oughly demonstrate  that  a  conduit  road  using  a  bare  wire  can- 
not operate  commercially  in  our  American  cities."  I  will  not 
take  any  issue  with  him  on  the  success  of  the  Bentley-Knight 
system,  but  I  do  think  these  statements  are  too  broad.  The 
Bentley-Knight  system  demonstrated,  no  doubt,  that  bare  wires 
placed  in  a  conduit,  as  they  were  placed,  will  not  operate  suc- 
cessfully. Those  two  wires  were  placed  directly  beneath  the 
slot  and  very  close  together,  and  anytliing  falling  in  the  slot 
tended  to  short-circuit  them  and  interfere  with  the  operation, 
but  certainly  we  cannot  argue  from  that,  such  a  strong  statement 
as  Mr.  Stetson  makes. 

With  regard  to  the  Love  conduit,  wliich  he  takes  up  next,  I 
have  had  the  good  fortune  to  examine  the  only  two  roads 
operated  on  this  system,  the  road  in  Chicago  and  the  road  in 
Washington.  I  had  a  little  better  success  m  Cliicago  than  he 
had.  Tlie  road  tliere  is  If  miles  long.  It  goes  around  several 
blocks.  I  made  several  trips  around  there  and  on  tliree  trips 
we  were  shut  down,  from  one  cause  and  another,  twenty-three 
times.  That  I  do  not  consider  a  success.  It  absolutely  cannot 
run  in  winter  when  there  is  any  frost  and  snow,  and  the  railroad 
company,  I  believe,  have  decided  that  it  is  not  a  success.  In 
Wasnington,  however,  the  road  is  vastly  improved  and  is  run  on 
a  street  where  the  conditions  are  far  better  than  in  Chicago.  It 
is  a  beautifully  paved  street — ^paved  with  asplialt.  It  is  a  clean 
street.  The  road  started  on  the  2d  of  last  March,  after  all  the 
snow  had  gone,  and  has  worked  successfully,  so  far  as  I  can  find 
out,  through  the  spring  and  summer  and  up  to  date.  But  how 
it  will  operate  this  winter  is  a  question  whicli  we  can  hardly 
answer.  It  has  not  been  all  plane  sailing  with  tliem  there.  They 
have  had  trouble,  largely  from  mechanical  difficulties,  so  far  as  I 
ean  see.  They  were  limited  by  an  ordinance  of  the  city  which 
restricted  the  passage  way  for  the  trolley  wheel  to  a  very  small 
space.  The  slot  ran,  as  you  noticed  in  that  picture,  turns  down 
like  this.  The  city  limited  them  to  the  width  of  this  passage 
way.  The  consequence  is  that  the  rims  of  the  trolley  wheels 
come  very  close  to  the  sides  of  the  iron  and  there  is  evidence 
there  that  sparks  pass  from  the  wheels  to  the  iron.  I  found 
that  trolley  wheels  there  lasted  about  ten  days.  I  do  not  claim 
that  the  Love  conduit  is  a  success  by  any  means,  but  in  my 
judgment  it  is  to-day  the  nearest  approach  to  a  successful  conduit 
system  of  any  that  has  been  tried.    (See  Fig.  11.) 

With  regard  to  Mr.  Stetson's  system,  I  liave  had  the  opportu- 
uity  of  visiting  that  at  Mr.  Stetson's  kind  request,  and  I  hope  he 
will  pardon  an  honest  opinion,  although  it  may  differ  from  his 
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own.  He  proposes  to  place  in  an  underground  conduit,  switches 
— ^you  may  call  them  switches  or  you  may  call  them  something 
else.  They  are  working  devices  placed  every  ten  feet  on  each 
side  of  the  conduit,  alternating,  making  one  for  every  five  feet 
of  track.  That  would  be  over  1,000  working  devices — working 
switches.  I  claim  that  that  of  itself  is  a  very  strong  objection. 
I  do  not  believe  that  any  electrical  switching  devices  can  be 
placed  underground  a  thousand  to  a  mile  and  be  operated  in  a 
road  like  Broadway,  New  York,  with  any  success.  I  may  be 
wrong  and  may  underrate  the  abilities  of  tiie  inventors,  but  that 
is  the  way  I  feel  about  it.  I  believe  that  a  successful  conduit 
road  must  be  of  the  utmost  simplicity.  Now  Mr.  Stetson's  road 
is  1,200  feet  long,  and  in  the  middle  of  the  road  there  is  a  curre. 
I  do  not  know  what  speed  has  been  attained. 

Mb.  Stetson  : — Twelve  or  fifteen  miles  an  hour. 

Mb.  Hewitt  : — In  a  good  many  tests  that  have  been  made  with 


THIS  DISTANCE  LIMITED 


L/ 


O 


T^ 
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the  recording  speed  indicators  I  have  found  that  it  takes  some 
200  to  300  feet  to  get  up  a  speed  of  twelve  or  fifteen  miles. 
Granting,  however,  that  the  car  did  make  twelve  or  fifteen  miles 
down  there,  imagine  the  continuous  effect,  with  a  car  weighing 
twelve  tons,  striking  those  contact  pieces  in  the  street  constantly. 
Take  a  street  like  Broadway,  where  the  cars  I  believe  run  on  a 
minute  headway.  That  would  be  sixty  times  an  hour  that  those 
contact  blocks  are  going  to  be  struck  a  pretty  hard  blow,  and  it 
seems  to  me  it  is  almost  impossible  to  put  any  working  device  in 
a  conduit  that  is  going  to  be  permanent  and  that  will  withstand 
the  hammering  effect.  I  do  not  say  that  it  is  impossible,  but  I 
say  that  it  has  not  been  demonstrated.  Practical  demonstration 
is  the  best  proof  of  all,  and  I  do  not  think  that  a  little  road  like 
the  one  at  Coney  Island,  where  passengers  are  not  carried  and 
where  the  cars  are  only  run  experimentally,  is  a  demonstration  of 
the  lasting  properties  of  such  an  a])paratus. 

With  regard  to  the  mud  test  which  he  refers  to,  I  do  not 
attach  as  much  importance  to  that  as  Mr.  Stetson  does,  perhaps. 
It  simply  shows  the  resistance  of  mud  made  with  fresh  water. 
We  have  a  conductor  on  one  side  and  a  conductor  on  the  other, 
one  positive  and  the  other  negative.  They  are  immersed  in  mud 
made  with  fresh  water  and  it  is  simply  a  matter  of  pressure  and 
resistance.  That  is  all  there  is  to  it.  Such  conditions  never 
would  be  met  with  in  a  street  railway.  It  is  an  exaggerated  case 
of  course.    I  believe,  t\io\xg\  \Ax^t  \i  tlvat  test  were"  made  wita 
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such  mud  as  we  get  in  our  streets,  whicli  is  very  salty 
or  less  alkaline,  tlie  results  would  be  considerably  dine 


and  more 
Eerent. 

Mr.  Stetson  : — We  had  more  salty  mud  than  you  could  prob- 
ably find  elsewhere. 

Mr.  Hewitt  : — The  day  I  was  there  the  water  was  running 
from  the  city  water  supply. 

Mr.  Stetson  : — But  it  was  Coney  Island  sand  and  dirt. 

Mr.  Hewitt  : — I  did  not  taste  it,  and  I  presumed  it  was  fresh 
water.  Anyhow,  that  does  not  contradict  the  statement  that  I 
made  that  it  simply  shows  the  resistance  of  that  mud.  That  was 
all  that  it  did  demonstrate. 

With  regard  to  the  statement  of  Mr.  Stevenson,  I  might  take 
exception  perhaps  to  the  insulation  resistance,  but  this  I  must 
acknowledge  that  the  conduit  which  they  have  built  there  is 
more  or  less  temporary  and  perhaps  a  working  conduit  put  up 
for  regular  use  would  show  higher  resistance.  But  63,500  ohms 
for  a  quarter  of  a  mile  of  line  would  be  considered  very  low. 
On  a  ten-mile  track  that  would  not  amount  to  anything. 

I  must  compliment  Mr.  Stetson  on  the  very  strong  attitude  he 
has  taken  in  regard  to  this  conduit  and  nobody  would  be  more 
pleased  than  I  to  see  it  made  a  success.  But  from  experience  I 
have  had  in  railroad  work  I  do  not  anticipate  the  same  success 
for  such  an  innumerable  array  of  switches  underground  that  he 
does. 

Mr.  Stetson  : — As  to  the  number  of  switches  that  there  must  be 
per  mile  with  the  system  built  as  it  is,  I  admit  that  that  is  the 
real  fact ;  it  will  take  ab:)ut  a  thousand  switches  to  the  mile. 
But  whether  there  are  a  thousand  or  ten  thousand  switches  to 
the  mile,  it  all  depends  on  the  construction  of  the  device  you 
have,  as  to  whether  you  are  likely  to  have  a  break-down,  if  I 
had  the  new  box  here  I  could  show  you  a  device  in  which  the 
working  parts  are  reduced  to  about  one-third  of  what  they  are  in 
this  box.  The  blow  is  reduced  to  next  to  nothing.  There  is 
nothing  but  a  flat  spring  and  a  flat  brush.  If  you  have  got  to 
have  a  device,  1  claim  that  you  would  hardly  be  able  to  get  it 
simpler  than  two  parts.  As  to  the  blow  struck,  I  was  talkinff 
with  an  electrician  connected  with  one  of  the  big  companies,  and 
he  said :  "  It  has  been  tried  and  you  will  find  it  won't  work." 
I  found  nothing  of  the  sort.  In  the  first  place  there  is  not  such 
a  blow  as  you  would  get  in  striking  with  a  hammer.  That 
stroke  is  sharp.     This  is  simply  a  pushing  aside. 

Mr.  Hewitt  : — Don't  you  retain  in  your  new  box  the  spring 
device  on  which  that  plug  operates  ? 

Mr.  Stetson: — No,  we  do  not  retain  that.     That  is  not  good. 

Mr.  Hewitt — You  make  that  solid  then. 

Mr.  Stetson: — Yes.  As  you  work  with  things  like  this,  you 
proceed  rather  from  the  complex  to  the  simple  than  from  the 
simple  to  the  complex.  You  must  be  able  to  go  backward  or 
forward.     If  the  arm  were  rigid  and  you  were  going  in  one 
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direction  and  wanted  to  come  back,  you  would  either  tear  the 
spindle  off  or  damage  your  shoe.  So  we  made  the  arm  yielding. 
That  old  box  had  three  parts.  The  objections  that  you  broujgnt 
up  were  good  ones.  I  will  bring  up  some  more.  The  principal 
objection  to  tliis  old  box  is  the  expense.  This  box  would  cost 
$1.50 ;  the  new  box  will  not. cost  $1.  In  the  old  box  there  were 
five  surfaces  that  were  planed  on  a  planing  machine.  That  coets 
money  and  takes  time.  It  would  seem,  after  you  had  planed  it 
and  used  oil  paper,  as  though  you  might  get  a  joint  that  would 
hold  paraffin  oil.  But  we  couldn't  do  it.  Tou  do  not  want 
any  joints.  The  new  box  is  one  solid  piece  of  iron.  I  admit 
that  there  are  working  parts  in  the  box  that  we  have,  but  we 
have  reduced  them  to  two,  one  being  a  long  brush  and  the  other 
a  good  stiff  flat  spring. 

1  will  state  in  reference  to  the  Love  conduit  system  that  I  was 
not  able  to  get  reliable  information  in  reference  thereto.  The 
information  I  wanted  I  could  not  get.  I  did  talk  with  some 
good  men,  and  was  guided  a  great  deal,  by  their  opinion  of  the 
Love  conduit  in  what  I  said  about  it.  I  would  state  about  Chicago 
that  I  estimated  the  length  as  well  as  I  could  from  Crosby  and 
Bell's  book.  The  road  was  not  running  when  I  was  there.  You 
must  know  that  Bentley  and  Knight  had  a  number  of  patents, 
and  means  of  protecting  their  wires  as  the  Love  system  has. 

Mr.  Joseph  Sachs  : — Mr.  President,  in  reference  to  the  mud 
test,  when  tlie  shoe  was  entirely  submerged,  I  fully  agree  with 
Mr.  Hewitt  in  saving  that  that  only  showed  the  resistance  of 
that  type  of  mud.  Mr.  Stetson  has  stated,  I  believe,  in  lus 
paper  that  the  trouble  \vith  the  bare  continuous  wire  conduit 
system  has  been  that  the  mud  would  get  down  through  the  slot 
and  settle  on  the  wires  and  cause  leakage.  There  is  nothing  at 
all  to  liiuder  the  mud  from  collecting  on  the  shoe,  while  it  is  in 
contact  with  tlie  switch  boxes,  causing  leakage  between  the 
two  sides  thereof,  particularly  wiien  the  orush  passes  through  a 
section  of  conduit  that  is  entirely  submerged,  as  in  the  test. 

Mr.  Stetson  has  also  forgotten  a  type  oi  system  with  which  I 
had  a  little  experience.  I  liad  occasion  to  construct  a  short  line 
of  this  system,  also,  at  Coney  Island.  It  is  a  system  which  has 
contact  surfaces,  either  on  the  surface  of  the  road  or  in  a  con- 
duit, but  the  mechanism  for  controlling  these  sections,  or  plates, 
or  contact  wires,  is  entirely  out  of  the  road  bed,  and  put  in  such 
position  that  it  can  readily  be  gotten  at,  repaired,  changed,  or 
tested,  at  any  time.  As  Air.  IIe\vitt  has  said,  any  mechanism 
placed  in  the  roadbed  is  always  apt  to  become  disarranged  and 
there  is  always  a  question  whether  anything  of  the  kiim  would 
prove  a  practical  success.  Numerous  small  electrical  devices 
located  in  a  conduit  or  imderground  are  apt  to  give  a  great  deal 
of  trouble.  In  my  mind,  a  system  which  would  operate  as  well, 
and  perhaj)s  even  better,  would  be  one  in  which  contact  sections 
or  contact  points  are  placed  along  a  conduit  and  these  contacts 


i8da.]  DiBOUBSiojsr.  mi 

actuated  one  after  another  from  some  source  exterior  to  the 
roadbed  or  so  located  to  be  accessible. 

Mr.  Stetson  seems  to  place  particular  stress  on  the  failure  of 
magnetic  cut-outs  to  work  satisfactorily,  but  I  will  assure  Mr. 
Stetson  that  I  devised  a  form  of  magnetic  cut-outs  which  were 
used  on  this  particular  road  that  I  have  in  mind  which  worked 
very  well.  It  was  not  a  question  of  the  failure  of  magnetic 
cut-outs,  but  was  a  question  of  the  type  of  track  construction 
that  was  used.  We  used  iron  plates,  about  6x9  inches,  placed 
in  the  centre  of  the  track  upon  wooden  planks,  not  painted  or 
treated  at  all,  but  just  rough  wooden  planks,  and  these  were  in 
the  form  of  a  square,  closed,  though,  with  the  plates  on  top. 
This  conduit  was  about  4x4  and  contained  the  wires  which  were 
connected  with  different  heads  or  contact  plates.  The  contact 
heads  were  placed  ten  feet  apart  and  at  every  240  feet  was  a 
distributing  box  located  on  a  post  adjacent  to  the  track.  A  wire 
from  the  (Efferent  plates  ran  to  the  uistributmg  box,  and  within 
this  box  magnetic  cut-outs  were  located.  A  tap  from  the  main 
feeder  in  the  conduit  was  also  brought  to  the  distributing  box, 
and  this  wire  was  at  various  times  thrown  into  connection  with 
the  different  heads  as  tlie  car  proceeded  by  tlie  magnetic  cut- 
outs. The  current  was  taken  from  the  plates  by  a  brusli  under- 
neath the  car  which  was  long  enough  to  toucli  two  plates.  The 
rails  were  used  as  a  return.  We  had  what  was  called  a  surface 
contact  system.  The  construction  was  the  very  crudest,  but  the 
installation  showed  that  the  placing  of  tlie  contact  controlling 
mechanism  out  of  tlie  roadbed  was  entirely  feasible.  From 
experiments  I  made  at  that  time  I  do  not  betieve  tliat  a  surface 
contact  system,  that  is,  where  the  contacts  feeding  the  current 
to  the  car  are  located  on  the  surface  of  the  street,  is  adapted  to 
our  large  cities.  But  if  these  contacts  were  put  into  a  conduit 
and  proper  drainage  used,  and  the  conduit  made  of  the  same 
size  as  Mr.  Stetson  proposes,  or  the  same  size  as  the  I^ve  con- 
duit, I  do  not  believe  tiiere  can  be  any  (juestion  as  to  the  opera- 
tion of  such  a  system,  and  such  a  system  would  undoubtedly 
operate  in  perhaps  as  efficient  a  manner,  and  perhaps  a  better 
manner,  than  any  system  in  which  the  contact  device  and 
mechanism  was  located  in  the  duct. 

There  is  another  point  about  Mr.  Stetson's  system  which  I 
would  like  to  know,  and  that  is  this  :  What  provision  is  there 
made  for  preventing  the  amis  from  sticking,  and  what  provision 
is  there  also  made  for  getting  at  the  boxes  to  repair  and  renew 
them  or  refill  them  with  oil  if  the  oil  should  leak  out. 

Mr.  Stiitson: — That  has  all  been  worked  out  in  the  new 
device.  In  the  new  system  the  switch  device  is  not  in  the  con- 
duit. It  is  in  the  road-bed  riglit  where  it  ought  to  be.  All  that 
is  necessary  in  the  new  system  is  simply  to  lift  up  a  square  iron 

Elate,  take  out  the  whole  inside  mechanism  and  put  it  back.     I 
now  the  system  that  you  speak  of.     I  examined  it  very  care- 
fully and  made  a  report  on  it. 
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Mb.  Sachs  : — I  believe  tliere  was  a  method  devised  and  tried 
sometime  ago  by  Messrs.  McElroy  and  Nicholson.  This  system 
contemplated  putting  in  the  road-bed  a  number  of  boxes,  smiilar 
to  the  contact  heads  which  I  had  reference  to.  In  tliese  contact 
heads  were  located  electro-magnets  and  instead  of  the  contact 
heads  or  arms,  as  they  would  be  called  in  Mr.  Stetson's  system, 
being  actuated  mechanically,  they  would  be  thrown  in  connection 
with  the  feeder  from  the  dynamo  by  the  magnetic  cu ton t«  located 
therein.  It  was  found  in  a  short  time  from  the  sparking  and 
the  moisture  that  the  mechanism  became  entirely  disarranged. 

Mr.  Hewitt's  remark  about  the  number  of  devices  used  1  think 
is  a  very  correct  one.  No  matter  how  simply  the  devices  are 
made  they  certainly  do  get  a  great  deal  of  wear  and  tear.  The 
action  of  this  shoe  upon  the  arm  does  certainly  amount  to  some- 
thing, even  though  it  is  only  a  push,  and  I  should  think  that  the 
noise,  on  a  system  like  the  Broadway  road,  where  as  Mr.  Hewitt 
says  there  is  about  a  car  a  minute,  would  be  quite  noticeable  and 
objectionable. 

Mr.  Stetson  : — Why  didn't  you  come  down  and  see  it  during 
the  summer  ?  You  would  have  found  an  entire  absence  of  any- 
thing of  the  sort.     There  is  no  noise  from  those  rappings  at  all. 

Mb.  Sachs: — There  is  anotlier  reason  perhaps  for  no  noise 
being  made.  I  merely  studied  the  system  from  various  articles 
that  nave  appeared  in  the  journals  and  know  from  my  previous 
experience,  having  studed  tliat  particular  class  of  electric  rail- 
roads to  some  extent,  just  what  the  requirements  and  conditions 
are.  As  I  understand  the  svstem  down  at  Coney  Island  the  con- 
duit you  liave,  is  not  a  conduit  but  an  open  trougli  and  is  not 
enclosed  at  all.  As  I  understand  it,  your  contact  boxes  are 
located  upon  the  same  level  with  your  tracks.  Actually  you 
have  not  got  a  conduit  system  there  but  a  surface  contact  system. 
No  such  system  with  sucli  contact  boxes  could  be  used  on 
Broadway. 

Mr.  Stetson  : — I  do  not  think  we  ought  to  go  quite  so  wide 
from  the  subject  as  that.  Tliat  was  simply  a  matter  of  avoiding 
splitting  the  cross  ties  of  the  track.  We  preferred  to  have  it  on 
top  as  a  means  of  avoiding  expense. 

Mr.  Sachs  : — I  made  tliat  same  test  myself  with  the  system 
we  had  at  Coney  Island.  Our  plates  were  located  right  on  the 
surface  and  I  took  this  same  Coney  Island  mud  and  I  tried  to 
make  the  same  test.  I  got  some  peculiar  results.  I  got  about 
one-half  an  ampere  or  so  on  each  head  when  the  mud  was  riffht 
up  flusli  with  the  rail  on  about  400  volts  pressure.  Upon  thinking 
the  matter  over  and  examining  the  mud  I  found  1  was  wrong 
and  that  tliis  mud  was  ratlier  diflferent  from  ordinary  city  mud 
and  tliere  was  not  very  much  path  for  the  current  to  go  through 
wet  sand.  The  water  we  used  was  fresh  water,  as  I  supposed 
yours  was.  I  suppose  the  effect  you  got  was  very  much  like  the 
effect  I  got.  As  regards  putting  the  heads  on  the  surface  and 
getting  the  poorest  coTvA\\\o\i  ^q»m  ^».tl  ^^t^  t  do  not  agree  with 
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you,  as  I  believe  a  submerged  conduit  is  mucli  worse  than  a  sur- 
face contact  system  under  ordinary  conditions.  I  do  not  want 
to  say  that  the  system  is  not  operative,  because  I  believe  it  is.  I 
think  the  system  will  work.  But  I  am  merely  giving  my  exper- 
ience and  views  in  the  matter,  and  I  think  when  you  put  these 
boxes  in  the  conduit  with  the  rattling  all  along  it,  you  will  find 
there  is  quite  a  good  deal  of  noise  and  you  will  find  other  diffi- 
culties not  met  with  in  your  experimental  installation. 

Mr.  Stetson  : — They  are  not  in  the  conduit. 

Mk.  Sachs: — The  arms  are  in  tlie  conduit;  that  is  where  the 
noise  comes  from — not  from  the  box.  There  is  another  point, 
when  you  get  your  arms  in  the  conduit  how  about  the  mud  col- 
lecting on  your  box  and  contact  arms  ?  I  believe  that  a  practical 
conduit  system  can  be  operated,  something  of  the  class  that 
Wheless  or  Hunter  and  several  others  have  proposed,  viz. :  a 
conduit  not  very  large,  with  sections  therein,  or  contact  plates 
therein  and  each  contact  plate  being  put  into  action  one  after  the 
other  by  a  series  of  magnetic  cut-outs.  Now  the  preferable  form 
would  certainly  be  to  locate  these  cut-outs  exterior  to  the  road- 
bed and  by  so  locating  them,  all  the  dangers  that  Mr.  Stetson 
has  talked  about  would  be  eliminated.  Such  would  certainly  be 
an  efficient  system  if  properly  installed,  and  the  leakage  would 
be  brought  down  to  the  minimum. 

Mr.  Stetson: — In  reference  to  that,  I  prefer  a  mechanical 
action  to  any  electro-magnetic  action. 

Mr.  F.  a.  Schkffler: — The  author  has  made  such  rabid 
statements  in  reference  to  the  use  of  closed  conduits  that  I  feel 
disposed  to  offer  some  suggestions  to  contradict  such  inferences 
as  he  makes.  I  believe,  firmly,  that  the  future  will  show  that  a 
successful  closed  conduit  can  be  maintained,  which  can  be  manu- 
factured and  constructed  for  much  less  money  in  first  cost  per 
mile  than  any  system  heretofore  offered  for  open  conduits. 

A  closed  conduit  will  also  have  many  more  advantages, 
especially  those  of  operating  expenses,  than  an  open  conduit.  If 
a  conduit  filled  with  water  can  show  such  elegant  results  as  to 
leakage  measurements  as  are  set  forth  in  the  test  of  Mr.  Stet- 
son's system,  it  seems  to  me  that  a  closed  conduit  which  cannot 
be  filled  with  water  even  to  make  a  test  for  leakage  would  be 
far  superior  for  actual  operation  to  the  open  conduit.  The  re- 
sults of  Mr.  Stetson's  tests  are  remarkable,  and  while  I  do  not 
question  their  accuracy  (although  it  is  somewhat  out  of  the 
general  nile  to  correct  matters  which  have  been  stated  and  an 
affidavit  attached  certifying  to  their  correctness)  it  seems  almost 
impossible  to  believe  that  it  would  take  4484:  boxes  entirely  sub- 
merged to  give  a  loss  of  2.118  amperes  or  through  a  distance  of 
over  five  miles. 

If  you  can  secure  such  results  with  a  conduit  full  of  water  and 
five  miles  long,  why  not  throw  away  the  conduit  and  use  the  sur- 
face where  such  an  accumulation  of  water  is  impossible,  as  to 
quantity.    A  surface  accumulation  would  be  of  higher  reca&tasss^ 
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than  a  body  of  water  six  or  seven  inches  in  diameter,  hence  the 
leakage  would  be  much  less  on  a  closed  conduit.  Mr.  Stetson 
proves  by  his  test  that  his  theory  of  extreme  leakage  in  enclosed 
conduit  can  be  overcome,  for  if  it  can  be  done  underground  in 
an  open  system  why  should  it  be  not  easier  accomplisned  by  a 
closed  system — when  one  learns  how  to  do  it. 

The  Metropolitan  Traction  Co.  has  offered  fifty  thousand 
dollars  as  a  prize  for  the  best  system  which  shall  do  away  with 
the  "  deadly  "  trolley.  I  am  very  anxious  to  own  that  prize  and 
would  feel  pretty  sure  of  getting  it  were  it  not  for  the  fact  that 
I  may  only  take  the  chances  with  a  thousand  others.  I  venture 
to  make  tiie  broad  statement  that  the  prize  will  be  given — ^if  it 
is  for  an  electrical  system — for  a  closed  conduit  system  which 
shall  operate  in  the  same  every  day  stay-with-you-manner  that 
Mr.  Stetson  has  so  intelligently  outlined. 

Mr.  Stetson: — I  want  to  ask  the  gentleman  if  he  thought 
about  this  question  of  closed  conduits.  I  have  given  quite  a 
little  thought  to  them. 

Mr.  Sohkffler  :-^I  have  looked  at  it,  sir. 

Mb.  Sachs  : — Pardon  me  for  taking  up  so  much  of  your  time, 
but  permit  me  to  say  another  word  in  reference  to  closed  con- 
duits. I  tried  to  do  a  little  in  that  direction,  and  I  think  that 
Mr.  Scheffler  is  quite  correct  in  his  assertions  that  the  leakage  in 
a  surface  contact  system  would  certainly  be  less  than  that  in  a 
conduit  system  which  was  entirely  submerged,  that  is  one  in 
which  the  contact  devices  were  entirely  submerged.  In  a  sur- 
face contact  system  it  is  usual  to  put  the  contacts  in  the  centre 
of  the  track  at  the  highest  point.  Now  being  brought  to  that 
liighest  point  between  the  rails,  the  moisture,  or  mud,  or  dirt, 
has  a  tendency  to  settle  down  on  the  rails,  and  the  quantity  of 
dirt  and  moisture  that  would  get  between  your  rails,  wnich 
would  perhaps  form  your  return  conductor,  the  plate  or  contact 
would  be  of  much  higher  resistance  than  that  collected  in  the 
submerged  conduit,  as  Mr.  Stetson  puts  it.  I  think  that,  taking 
the  submerged  conduit  on  the  one  hand  and  a  surface  contact 
system  properly  constructed  and  in  a  similar  location  on  the 
other,  the  advantage  would  be  with  the  latter  in  reference  to  a 
minimum  leakage. 

Mr.  W.  T.  m.  Mottram: — There  is  one  point  that  has  not 
been  shown  up  very  fully  here,  and  that  is  this:  Wherever  the 
car  is  in  service  the  current  is  exposed,  is  it  not  ?  Now  if  the 
contact  strip  is  standing  in  water,  it  is  bringing  the  current  right 
into  the  water.  Now  it  is  quite  conceivable  to  me  that  there 
would  be  a  piece  of  track  on  some  ordinary  line,  of  a  thousand 
feet  in  length,  in  which  the  conduit  would  be  full  of  water.  It 
is  also  conceivable  that  there  might  be  twenty  live  cars  standing 
on  that  piece  of  track.  If  you  turn  500  volts  loose  at  twenty 
different  points  with  metallic  strips  each  about  nine  feet  long, 
your  short-circuit  will  simply  close  you  down. 

[Adjourned.] 
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OBITUARY. 

Dr.  Norvin  Green,  first  President  of  the  American  Institute 
of  Electrical  Engineers,  was  born  in  New  Albany,  Ind.,  April 
17,  1818.  His  early  life  was  spent  in  Kentucky,  to  which  State 
his  parents  removed  their  home.  There  he  was  educated  for  the 
medical  profession,  graduating  with  high  honors  at  the  Univer- 
sity of  Louisville  in  1840.  He  soon  after  received  the  appoint- 
ment of  physician  for  the  Western  Military  Academy  at  Dren- 
non  Springs,  Ky.,  became  interested  in  politics,  and  served 
several  terms  as  a  member  of  the  Kentucky  legislature.  In  1863 
he  was  appointed  a  Commissioner  of  the  United  States  in  charge 
of  the  construction  of  government  buildings  in  Louisville.  It 
was  while  serving  in  this  capacity  that  he  became  one  of  the 
lessees  of  the  United  Morse  and  Peoples  Telegraph  lines  between 
Louisville  and  New  Orleans,  and  was  made  president  of  the  con- 
solidated company  which  grew  out  of  those  interests,  under  the 
name  of  the  Southwestern  Telegraph  Co.  Most  of  the  remainder 
of  his  life  was  devoted  in  an  administrative  capacity  to  telegraph 
affairs.  When  the  American,  the  United  States  and  the  West- 
em  Union  companies  were  consolidated  in  1866,  Dr.  Green  was 
elected  Vice-President  of  the  Western  Union  Co.,  which  office 
he  held  up  to  1878  with  the  exception  of  three  years,  during 
which  period  he  was  President  of  the  Louisville,  Cincinnati  and 
Lexington  K.  R.  Once  more  he  entered  politics  and  barely  lost 
the  nomination  for  U.  S.  Senator  from  Kentucky.  Returning  to 
the  Western  Union  Telegraph  service  in  1873  he  continued  as 
Vice-President  until  April  23,  1878,  when  he  was  elected  Presi- 
dent to  fill  the  vacancy  caused  by  the  death  of  William  Orto  \ 
This  office  he  held  until  his  death,  which  occurred  at  Louisville, 
Ky.,  February  12,  1893. 

Dr.  Green  was  of  judicial  mind  and  imposing  presence.  He 
was  notonly  agjlemocrat  in  politics,  but  democratic  in  his  rela- 
tions with  his  associates,  or  with  those  who  came  in  contact  with 
him  upon  business  or  personal  matters.  He  was  of  a  philosophi- 
cal temperament;  calm  and  dignified  as  became  a  gentleman  of 
his  standing.  He  was  one  of  the  founders  of  the  American 
Institute  of  Electrical  Engineers  and  sanguine  in  his  prediction 
of  its  future  usefulness.  His  acceptance  of  the  office  of  presi- 
dent in  1884  was  not  as  might  have  been  supposed,  a  mere  inci- 
dent in  his  busy  life,  to  be  neglected  as  a  matter  of  no  conse- 
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quence.  lie  set  the  example  of  conscientious  attention  to  duty, 
and  his  advice  was  of  great  value  at  a  time  when  it  was  most 
needed.  In  view  of  his  distinguished  career,  the  Council  on 
December  3d,  1889,  made  him  an  Honorary  Member.  Dr. 
Groen  left  a  family  consisting  of  a  wife,  four  sons  and  two 
daughters. 


George  Barilett  Prescott,  Jr.,  was  born  at  Dubuque, 
Iowa,  in  1858.  He  was  the  eldest  son  of  Alphonso  and  Harriet 
Prescott.  He  entered  the  service  of  the  Western  Union  Tele- 
grapli  Co.  in  1875  as  a  Morse  telegraph  operator  at  Lindell 
Hotel  office  in  St.  Louis,  Mo.  In  1876  he  was  transferred  to 
the  electrician's  office  of  the  same  company  in  New  York  City, 
and  was  promoted  to  the  position  of  assistant  electrician  in  1S79. 
He  remained  with  the  Western  Union  Telegraph  Co.  until  1882, 
when  he  resigned  to  accept  the  position  of  chief  assistant  with 
Edward  Weston,  then  tlie  electrician  of  the  United  States  Elec- 
tric Lighting  Co.  at  Newark,  N.  J.  He  continued  with  Mr. 
Weston  until  1889,  when  he  was  appointed  electrician  of  the 
Electric  Accumulator  Co.  He  had  already  given  much  attention 
to  the  development  of  the  storage  battery,  and  litted  up  an  ex- 
perimental car  with  accumulators  for  the  West  End  Co.  of 
Boston  in  1887-8.  On  the  first  of  April,  1890,  he  accepted  the 
general  agency  of  Day's  Kerite  Wire  and  Cables  in  New  York 
City,  but  was  obliged  to  relinquish  the  position  by  reason  of  fail- 
ing health  in  the  fall  of  1891.  A  temporary  improvement  in  his 
physical  condition  permitted  him  to  till  a  brief  engagement  in 
the  Stanley  Laboratory  at  Pittsfield,  Mass.,  but  he  was  again 
compelled  to  abandon  all  business  engagements,  and  seek  to 
repair  his  shattered  constitution  by  a  trip  to  Bermuda.  There 
was  no  hope  of  recovery,  however,  and  he  returned  to  North- 
ampton, Mass.,  in  January,  1893,  completely  prostrated,  where 
he  died  on  February  12th,  1893. 

Mr.  Prescott  was  elected  an  associate  member  of  the  American 
Institute  of  Electrical  Engineers,  July  12,  1887,  and  transferred 
to  full  membership  November  1st,  1887.  At  the  annual  election 
in  May,  1888,  he  was  elected  a  manager,  serving  a  full  term  of 
three  years.  He  was  not  only  active  in  his  duties  as  an  officer 
and  a  member,  but  served  with  credit  as  one  of  the  Committee 
on  Units  and  Standards,  where  his  experience  in  electrical  re- 
search was  of  special  value.  In  1888  he  married  Miss  Frances 
K.  Cooley,  of  Pittft&e\d,^«k&«».^^\io  ^wxyivea  him. 
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At  a  meeting  of  Council  June  6th,  1893,  the  following  tribute 
of  respect  to  his  memory  was  adopted  : 

The  Council  of  the  American  Institute  of  Electrical  Engineers, 
desiring  to  express  its  sense  of  the  loss  to  the  Institute  in  the 
death  of  George  B.  Prescott,  Jr.,  it  is  hereby 

Re^olved^  that  Mr.  Prescott's  untimely  departure  from  the  life 
of  this  world  has  deprived  the  American  Institute  of  Electrical 
Engineers  of  a  highly  valued  member,  one  whose  active  mind, 
quick  perceptions  and  intellectual  ability  have  loiii^f  been  at  the 
service  of  the  Institute  at  large  and  of  the  Council.  He  had 
acquired  the  respect  of  his  fellow  members  for  his  ability  and 
his  attainments  as  an  electrician,  and,  not  less,  their  personal 
esteem  for  his  broad  and  generous  qualities  of  heart.  Youthful 
in  years,  he  had  acquired  an  enviable  reputation  for  the  thor- 
oughness and  accuracy  of  his  work,  which  he  was  ever  trying  to 
excel  by  further  study.  As  a  fellow  member  and  as  a  personal 
friend,  his  loss  will  long  be  felt  by  his  associates. 


Anthony  KeckenzaUxV,  [Associate  Member,  November  1, 1887 ; 
Member,  December  fJ,  1887];  died  in  London,  November  11, 
1893.  Mr.  Reckenzaun  was  born  in  1850,  at  Gratz,  in  Austria, 
where  he  received  a  thorough  technical  education.  lie  went  to 
England  in  1872,  and  obtained  employment  with  a  firm  of  marine 
engineers.  In  connection  with  their  works  he  established  eve- 
ning classes  for  the  benefit  of  employes,  and  gave  lectures  durine^ 
three  years  on  Machine  Construction  and  Drawing,  and  on  Steam ; 
but  in  order  to  qualify  himself  according  to  the  rules  of  the 
South  Kensington  Science  and  Art  Department,  he  first  under- 
went examination  in  those  subjects,  and  passed  with  first-class 
honors.  Subsequently  he  attended  the  courses  of  lectures  given 
to  qualify  science  teachers  at  the  Royal  School  of  Mines  in  1877 
and  1879,  when  he  again  obtained  ''first-class"  at  the  final  ex- 
amination in  steam  and  mechanics.  On  visiting  the  Paris  Expo- 
sition of  1878,  he  resolved  to  devote  his  time  to  the  study  of 
electrical  engineering.  lie  then  applied  himself  to  electrical  work, 
and  later  joined  the  Faure  Accumulator  Co.  Soon  afterwards 
he  accepted  the  post  of  engineer  to  the  Electrical  Power  Stor- 
age Co.  He  designed  the  first  electric  launch,  ''  Electricity," 
driven  by  storage  batteries  in  188::J ;  and  soon  afterwards  he 
built  an  electric  tramcar  which  was  publicly  exhibited  on 
the  West  Metropolitan  Tramway,  London,  in  March,  1883. 
Mr.  Reckenzaun  gave  numerous  lectures  and  read  papers  on 
"  Storage  Batteries  and  Electric  Locomotion "  before  scientific 
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societies,  notably  the  British  Association,  the  Society  of  Arts, 
the  American  National   Electric  Light  Association  (meeting  in 
Boston,  Mass.,  1887),  the  American  Institute   of  Electrical 
Engineers,^  and  the   Vienna  Electro-Technical    Society.    The 
Society  of  Arts  awarded  him  its  silver  medal  for  his  paper  on 
"  Electric  Locomotion."     He  has  also  written  numerous  articles 
for  scientific  journals.     The  English  Electrical  Heview  in  par- 
ticular has  published  many  valuable  contributions  from  his  pen. 
He  started  business  on  his  own  account  in  1^85  for  the  purpose 
of  building  electric  boats,  cars  and  motors  for  various  purposes. 
The  most  noteworthy  of  the  boats  was  the  "  Volta,"  which  made 
the  celebrated  double  voyage  between  Dover  and  Calais  on  the 
13tli  of  September,  1886,  also  the  more  difficult  voyage  between 
London  and  Dover.     Mr.  Reckenzaun  spent  nearly  a  year  in  the 
United  States,  when  he  introduced  his  electric  cars  on  several 
street  railways,  and  where  he  built  the  "  Magnet,"  the  first  electric 
launch  in  American  waters.     As  an  enthusiastic  advocate  of  the 
storage  battery  for  traction  and  navigation,  Mr.  Reckenzaun  has 
probably  contributed  more  than  any  one  else  to  bring  the  possi- 
bilities of  the  accumulator  to  the  attention  of  the  public,  both 
technical  and  lay,  and  much  of  the  practice  obtaining  in  these 
fields  to-day  is  due  to  him.     Among  other  work  may  be  men- 
tioned  the   Reckenzaun-Pentz    meter.     He   came    to   America 
again  last  summer  to  inspect  the  electrical  exhibits  at  the  World's 
Fair,  and  to  survey  the  general  technical  situation.     Before  leav- 
ing New  York,  and  after  his  return  from  Chicago,  he  was  urged 
to   give  up  work  and  visit  some   of   the   resorts   in    Southern 
Europe  or  the  West  Indies,  bat  declined  attempting  to  defeat 
fate,  for  he  regarded  himself  as  foredoomed.      His  death  has 
deprived  the  electrical  engineering   profession   of  a   pure   and 
noble  spirit,  and  his  friends  of  a  manly,  tender  companion. 
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London  and  Dover.     Mr.  Reckenzaun  spent  nearly  a  year  in  the 
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fields  to-day  is  due  to  him.     Among  other  work  may  be  men- 
tioned  the   Reckenzaun-Pentz    meter.     He   came    to   America 
again  last  summer  to  inspect  the  electrical  exhibits  at  the  World's 
Fair,  and  to  survey  the  general  technical  situation.     Before  leav- 
ing New  York,  and  after  his  return  from  Chicago,  he  was  urged 
to   give  up  work  and  visit  some   of   the   resorts   in    Southern 
Europe  or  the  West  Indies,  but  declined  attempting  to  defeat 
fate,  for  he  regarded  himself  as  foredoomed.      His  death  has 
deprived  the  electrical  engineering   profession   of  a   pure   and 
noble  spirit,  and  his  friends  of  a  manly,  tender  companion. 
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Washington,  1>.  C.  {^^  ^^P*"    3.  '889 

Consulting  Electrical  and  Mechan-  (  *  xr  re  q  « 
ical  Kngineer.  40  California  St..  ^  ^o;  5.  89a 
San  trancisco,  Cal.  (  j       »      vj 

Stevens  Institute  of  Technology,  \  A  June  5.  1888 
Hoboken,  N.  J.  "j  M  Sept.    7,  1888 


Field,  C.  J. 

F'lELD,  Stephen  D. 

Fleming,  Wilfrid  H. 
Foster.  Horatio  A. 


Gale,  Horace  B. 

Geyer,  Dr.  Wm.  E. 
Gray,  Dr.  Elisha 


Electrician  and  Inventor,  Highland  (A  Feb.    16.  1892 
Park,  111.  \  M  May    17,  1892 

Griscom,  Wm.  W.,  M.A.  Electrical     Engineer.     Kaverford,  jA  June     5.  1888 

Pa.  {  M  Mar.  x8,  1890 


Gutmann,  Ludwig 

Hall,  Ci-ayton  C. 
Hall,  John  L. 


Electrical   Engineer,  care  of  Strfct  (  *    q     .    _      _««« 
Railway   Reineiv,    269  Dearborn  -?  ^  ^^P^'  '*♦•  "**^ 


St.,  Chicago,  111. 


^M  Mar.  21,  1893 

Civil    F-ngincer,    810    Park    Ave.,  jA  April  15,  1884 

(  M  Oct.    21,  1884 


Baltimore,  Md. 

Manager,  Western 
Co..  300  Market 
Del. 


Union  Telegraph  (  *    c     *  ^       o 

St..  Wilmington.  \  ^  "'ff'-  «'  'f'' 
^       '  }  M  Dec.  20,  1893 
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Hamblet,  James 


Hamilton,  Geo.  A. 


{Manager)  Manaj^er  Time  Service,  (  .    ^j 
W.  U.  Tel.   Co  .  195    Broadway,  \^,  ^'    l 
P.  O.  Box  856,  New  York  City.      (  ^^  ^^'    ^ 


Hammer,  W.  J. 


IIaskins,  Charles  H. 
Hayes,  Hammond  V. 

Hayes,  Harry  E. 

Haynes,  F.  T.  J. 


Electrician,  Western   Electric   Co.,  f 
22   Thames,  cor.  Greenwich  St.,  J  A  April  15 
New  York,  and  532  Morris  Ave.,  [  M  Oct.    21 
Elizabeth,  N.  J.  t 

{Manager,)    Consulting  and  Super- 
vising  Electrical   Engineer,  1301      .    inne     8 
and  1302  Havemeyer  Building,  26-!  .,  -l  , 
Cortlandt  St  ;  Residence,  220  W.     ^^  J"*y   " 
44th  St.,  N.  Y. 

Electrician,    80     Broadway,    New  (A  April  15 
York  City.  (  M  Oct.    21 


Electrician,    American    Bell    Tele- 
phone  Co,,    42    Famsworth 
So.  Boston.  Mass. 


^!^*j  A  Nov.  12 
^^•»1  M  Mar.  18 


;st.   Electrician,    American   Tele-  (  *    Aoril  18 
graph   and    Telephone    Co.,    I53i\*  -^^ 
Cedar  St.,  New  York  City.  ( 

'  j  A  Dec. 
"  J  M  Jan. 

Heinrich,  Richard  O.      Electrical  Engineer,   Weston  Elec-  (  ^  q. 

trical  Instrument  Co.,  114  William  i  w  ^  ♦     «c 
St.,  Newark.  N.  J.  (  ^  ^*^^-    ^^ 


Divisional  Telegraph  Engineer 
Great  Western  Railway,  Taun 
ton,  Eng. 


6 

3 


Hering,  Carl 
Hering,  Hermann  S. 

Herrick,  Charles  H. 


Consulting  Electrical  Engineer,  927  j  A  Jan.      3 
Chestnut  St.,  Philadelphia,  Pa.      \  M  June    5 


Associate  in  Electrical  Engineer-  (  .  Anril  21 
ing.  Johns  Hopkins  University, -^  ,,  .P.,  « 
Baltimore,  Md.  ^  ^*  Apriiio 


1  M  April 


Manager  and  Electrical    Engineer,  f 
Wright     Electrical     Engineering  J  A  April  21 
Co.,    196    Sumner    St.,    Boston,  |  M  Jan.    17 
Mass.  L 

Herzog,  Dr,  F.  Benedict  President,  Herzog   Teleseme  Co.,  j  A  May   24 

30  Broad  St.,  New  York  City.         (  M  July    12 


Hewitt,  Charles 
Hibbard,  Angus  S. 

HiGGiNs,  Edward  E. 


{Manager.)      44    Broad    St.,    Box  (  A  Sept.  16 
3067,  New  York  City.  (  M  May  17 

{Manager.)  General 
Chicago  Telephone 
Washington  St.,  Chicag 


Manager   j^  ^^^   ^ 
>o,  III.  ( 


24 

6 


[une     8 


Expert    in    Street    Railway  Values  (at 
and  Economics,  26  Cortlandt  St.,  s  m,  \^\^ 
New  York  City.  (       •'     ^ 

Houston,  Prof.  Edwin  ]. {President.)      Prof,     of     Physics,  f 

[Life  Member.]  Franklin    Inst.,  Prof,   of  Physics  I  ^  ^    .j 

and  Physical  Geography,  Central -(  »,  ^J  ; 
High  School,  1809  Spring  Garden  \  ^^  ^"*  '^ 
St.,  Philadelphia,  Pa.  t 

Howell,  John  W.  Electrician,  Edison    Lamp  Works,  )  A  July    12 


Harrison,  N.  J. 


M  June     5 
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Howell,  Wilson  S. 


Hunter,  Rudolph  M. 


Hunting,  Fred  S. 


Incandescent    Lamp     Department,  ( 
General   Electric   Co.,    Harrison,  J  A 
N     J.,   and    19    Webster    Place,  j  M 
Orange,  N.  J.  [ 

Mechanical  and  Electrical  Engi- 
neer, 926  Walnut  St.,  Phila- 
delphia, Pa. 

Electrical  Engineer,  Fort  Wayne 
Electric  Co.,  330  West  Washing- 
ton St.,  Fort  Wayne,  Ind. 


Sept.    3 
Mar.  18 


July    13 
May  17 

Nov.  15 
May  16 


Hutchinson,  Dr,  CaryT.  Electrical  Engineer,  56  West  25th 

St.,  Firm  of  Sprague,  Duncan  & 
Hutchinson,  15  Wall  St.,  New 
York  City. 


A 
M 


Hyde,  Jerome  W. 


Inrig,  Alec  Gavan 


Jackson,  Dugald  C. 


Jackson,  Francis  E. 
Jackson,  J.  P. 


Jannus,  Frankland 
Jenks,  W.  J. 


Jones,  Francis  W. 

[Life  Member."! 

Keith,  Dr.  Nathaniel 
Kinsman,  Frank  E. 


Springfield,  Mass. 


{  M 


'.    St.,( 


Knowles.  E.  R. 

Knudson,  a.  a. 
Lange,  Philip  A. 

Langton,  John 
Lattig,  J.  W. 


Rue  St.  Gommaire,   23,  Antwerp,  j  A 
Belgium.  (  M 

Professor  of  Electrical  Engineering,  (  . 
University  of   Wisconsin,   Madi- -j  w 
son,  Wis.  ( 

With   Edison   Lamp  Works,   Har-  j  A 
rison,  N.  J.  i  M 

Assistant  Professor  of  Electrical  En-  (  . 
gineering,    Pcnn.    State  College,  •!  », 
State  College,  Pa.  ('^ 

Atlorney-at-La\v,    928-30    F 
Washington,  D.  C. 

Patent  Department,  General  Elec- 
tric Co..  4^  Broad  Street,  Box 
3067,  New  York  City. 

Assistant  Gen'l-Manager  and  Elec- 
trician, Postal  Telegraph-Cable 
Co.,  5  Dey  St.,  New  York  City. 

S.  Care  Low's  Exchange,  57  Charing  \  A 
Cross,  London,  Eng.  (  M 

Electrical   Engineer  and   President  f 
Kinsman    Block    Signal    Co.,   96 J  A 
Broadway,   New   York   City   and  |  M 
Plainfield,  N.  J.  t 

Electrical  Engineer.     The  Schuyler  i  . 
Electric   Company,    Middletown, -J  w 
Conn.  ( 

Phillips    Insulated    Wire    Co.,    39  j  A 
Cortlandt  St.,  New  York  City.         (  M 

Assistant  Superintendent  Westing-  C  . 
house  Electric  and  Manufacturings  ,, 
Co.,  Newark,  N.J.  (  ^ 

Electrical    Engineer,    Canada   Life  j  A 
Building,  Toronto,  Ont.  (  M 

Electrical  Engineer,  Supt.  of  Tele-  f  * 
graph  Lines,  Lehigh  Yalley  R.  R.  ■!  «* 
Co..  So.  Bethlehem,  Pa.  (  ^^ 


Feb.     7 
Dec.  16 


June    8 
Nov.    I 

Jan.    19 
May  17 

May     3 
June  17 

Jan.      3 
June  17 

Sept.  27 
Jan.    17 

Nov.  12 
Mar.  18 

June    8 
Nov.    I 


April  15 
Oct.    21 

Sept.  20 
Jan.    17 

Sept   27 
May   16 


June     8 
July   12 
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Lawson,  a.  J. 
Lemp,  Hermann,  Jr. 
Leonard,  H.  Ward 

Leonard,  M.  B. 

LiEB,  John  \V.,  Jr. 
Lloyd,  Robert  McA. 


Electrical  Engineer  and  Contractor,  j  A  Mar. 
Grantown,  Scotland.  {  M  June 

Electrician,  Thomson  Electric  j  A  April 
Welding  Co.,  Lynn,  Mass.  (  M  Feb. 

{Vice  President,)     President,    The  ip^  j^. 
H.  Ward  Leonard  Co.,  136  Liberty  \  w  i  /. 
St..  New  York  City.  (  ^  ^^P^* 

Electrical  Engineer,  and  Supt.  of  (  a  Nov 
Telegraph,  Chesapeake  &  Ohio-j  ^  Mav 
R'y.  Co.,  Richmond,  Va.  (  ^ 

22  Chestnut  St.,  Newark,  N.  J. 


I 


A  5icpt. 
M  Nov. 

Electrician,  2    W.  36th   St.,    New  j  A  Oct. 
York  City.  \  M  Nov. 

LocKWOOD.  Thomas  D.,/'.  /.  Jnst.    Electrical  Engineer,  and  (  *    *     -i 
[Life  Member.]  Advisory  Electrician,  P.O.  Drawer  -j  ^  qP  " 

2,  Boston,  Mass.  f " 

Macfarlane,  Alexander,  D.    Sc.,     LL.D,      Professor    of  (  .    j 

Physics,     University     of     '^^*^^»  "i  M  Mav 
Austin,  Tex  ( *  ^ 

Mailloux,  C.  O.  Consulting     Electrical     Engineer,  \  A  April 

45  William  St.,  New  York  City.     \  M  Oct. 

Marks,  William  Dennis,  7*^.^5.    C    E.     Edison    Electric  j  A  Feb. 

Light  Co.,  Philadelphia,  Pa.  (  M  May 

Metuchen,  N.  J.  (A  Oct. 

\  M  Nov. 

Secretary 


Marshall,  J.  T. 
Marvin,  Harry  N. 


Mayer,  William,  Jr. 
Maynard,  Geo.  C. 
McCay,  H.  Kent 

McCluer,  C.  E. 

Metcalfe,  George  R. 

MiLLis,  John 

Mills,  Frank  P. 
Molera,  E.  j. 


jcretary  and  Expert,  Marvin  (  .  a-,-:| 
Electric  Drill  Co.,  208  South  \  ^  ,  Pj " 
Geddes  St.,  Syracuse,  N.  Y.  (      ^     ' 

Electrical   Expert,  31    Nassau   St.,  jA  July 
New  York  City.  (  M  April 

Electrical      Engineer,     1409     New  j  A  April 
York  Ave.,  Washington,  D.  C.      {  M  Dec. 

Electrical  Engineer  and  Contractor,  (  *   o 
106   E.    German  St.,   Baltimore,  \^.  »,"  * 

Md.  I  ^'  "^'^y 

Superintendent,  P'irst    District,  So.  (am 
Bell     Telephone   and    Telegraph  ■}  w  V    ^* 
Co.,  P.  O.  Box  32.  Richmond,  Va.  (  ^^  J^"' 

Electrical    Engineer,    Editor    Elec-  (  *     *      -i 
tricity,  6  Park  I'lace,  and  404  W.  \^,  ^?J^} 


22d  St.,  New  York  City. 


\ 


M  Nov. 


Captain,  Corps  of  Engineers,  U.S.  (  -.    •   . 
Army,  i    Prytania  St.,    New  Or-  -  V,  1"*^ 
leans,  La.     '  ^  M  Mar. 

Superintendent       Cleveland      Iron  j  A  Jan. 
Mining  Co.,  Ishpeming,  Mich.      {  M  Mar. 

Civil    Engineer,  40   California   St.,  j  A  Jan. 
San  Francisco,  Cal.  \  M  June 

Nichols,  Dr.  Edward  L.  Professor     of     Physics,      Cornell  jA  Oct. 

University,  Ithaca,  N.  Y.  ^M  Dec. 

Noll,  Au(;ustus  New  York  Electric  Equipment  Co.,  j  A  Sept. 

59  Duane  St.,  New  York  City.       \  M  April 
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Paine,  Sidney  B.  Power    and    Mining    Department,  ( ^ 


General  Electric  Co.,  i8o  Summer 
St.,  Boston,  Mass. 


M 


Paine.  F.  B.  H. 


Engineer,    Westinghouse     Electric  (a 
and  Mfg.  Co  ,  620  Atlantic  Ave.,  \  w 
Boston,  Mass.  ( 

Parkhurst,  Charles  D.  Lieut.    1st   Artillerv,   U.  S.  Army,  ( A 

Fort  Mc Henry,  Md.  '/  M 

U.S.   Board   of  Education,  Wash-  j  A 
ington,  D.  C.  (  M 

Electrical  Engineer,  Lynn,  Mass.     j  A 


Parks,  C.  Wellma.n 
Parshall,  H.  F. 

Pattison,  Frank  A. 


Pearson,  F.  S. 


Firm  of  Pattison  Bros,  Consulting  ( 
and   Constructing   Electrical  En- J  A 
gineers,    136    Liberty    St.,    New  [  M 
York  City.  t 

Chief   Engineer   West   End   Street  (  » 
Railway  Co.,  95  Milk  Street,  Bos- -J  », 
ton,  Mass.  ( 

Perrine,  Frederic  a.  C,  D.  Sc.    IVofcssor  of  Electrical  En-  (  . 

gineering.   Leland    Stanford,  Jr.,  -.  \. 
University,  Palo  Alto,  Cal.  ( 

Perry,  Nelson  W.,  E.  J/.,  18  Sidney  Place,  Brooklyn,  N.  Y. 


( Treasurer),     President,  Electrical  (   . 
Engineer^    203    Broadway,    New-!  ., 
York.  (  ^^ 

Chief  Engineer,  Amer.  Tel.  &  Tel.  (  » 
Co.,  18  Cortlandt  St.,  153  Cedar-!  \\. 
St..  New  York  City.  (  ^^ 

Electrical  Engineer,  World's  Colum-  (  . 
bian     Ex(H)sition,    5434    Monroe-!  1, 
Ave.,  Hyde  Park,  III.  (  '* 

Pike,  Clayton  W.,  S,  B.    Electrical  Engineer,  Queen  &  Co.,  |  . 

loio  Chestnut  St.,   Philadelphia,  •!  1. 
Pa.  f  ^ 


Phelps,  Geo.  M. 


Pickernell,  F.  a. 


Pierce,  Richard  H. 


Pope,  Franklin  L. 


Porter,  J.  F. 


Pratt,  Robert  J. 


{Past  rrrsii/t'ftt).     Consulting  Elec-  f 
trical    Engineer  and    Expert,    39  J  A 
Cortlandt  St.,  N.  Y.     Residence,  1  M 
Elizabeth,  N.  J.  i 

Representing  J.  G.  White  &  Co.,  (  . 
of    New    York.    Heist    Building,  -]  '^^ 
Kansas  City,  Mo.  (  * 

Electrician,  Treas.  and  Mgr.  Elec-  (  . 
trie  Mfg.  Co.  and  Gas  Engine  Co.,  -J  ,, 
Greenbush,  N.  Y.  f 


Rae,  Frank  B. 
Raymond,  Chas.  W. 


A 
M 


Electrical  Engineer,  49  Wilcox  St.,  j 
Detroit,  Mich.  \ 

Civil,  Electrical  and  Mining  Engi- j  A 
neer,  Monte  Vista,  Col.  \  M 

Reckenzaun,  Frederick,    Electrical  Engineer,  Box 

Demott  St.,  West  Hoboken 


225.  585 

;n,  N.J.  i 


A 
M 


Rice,  E.  Wilbur,  Jr. 


Technical    1  )irector.   The    General  j  A 
Electric  Co.,  Schenectady,  N.  Y.  )  M 


June     8, 
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RiRS,  EuAS  E. 


RoBB,  Wm.  Lispenard 
Roberts,  E.  P. 

RoDCKRs,  Howard  S. 
RoHRKR,  Albert  L. 
Ross,  Robert  A. 


Electrical  Kn^neer  and  Inventor, 
Prest.  Ries  Electric  Specialty  Co.,  i   a 
Baltinaore  and   Eutaw  Sts. ;   Res--{  ,, 
idence,  430  South  Broadway,  Bal-  • 
timore.  Md.  (^ 

Professor  of  Physics.  Trinity  Col-  (  A 
lege,  Hartford,  Conn.  \  M 


E.  P.  Roberts  &  Co,,  Electrical  and  (  ^ 
Mechanical  Engineers,  Western  •<  « - 
Reserve  Building,  Cleveland,  O.      ( 


Electrical  Engineer,  Eddy  Electric  i  A 
Mfg.  Co.,  Windsor,  Conn.  "<  M 

Electrical   Engineer,    with   General  jA 
Electric  Co.,  Schenectady,  N.  Y.   ^  M 


Electrical  Engineer,  Royal  Electric  i  A 
Co.,  Montreal,  P.  Q.  ^M 

Salomons.  Sir  David  Lionel,   Bart.   M.  A,,  Engineer  and  f 
[Life  Member]  Barrister,    Broomhill.  Tunbridge  I  A 

Wells,    Kent,  and   49   Grosvenor  i  M 
St.,  London,  W.  England.  t 

Schulze-Berge,  Franz     44  Monroe  Place,  Brooklyn,  N.  Y.    jA 

(M 

Scott,  Charles  F. 


Shallenbercer,  O.  B. 


Assistant      Electrician,      Westing-  i. 
house    Electric    and   Mfg.    Co.,-},, 
Pittsburg.  Pa.  (^^ 

Electrician,   Westinghouse  Electric  j  A 
and  Mfg.  Co.,  Pittsburg.  Pa.  (M 


Sheldon,  Samuel,  A.  Af.,  Ph.D.     Professor  of  Physics  and 

Electrical  Engineering.  Polytech- 
nic Institute,  170  State  St.,  Brook-' 
lyn,  N.  Y. 


A 
M 


Shepard,  Wm.  E. 
Slater,  Henry  B. 

Smith,  Frank  Stuart 

Smith,  Jesse  M. 

Smith,  T.  Carpenter 

Sperrv,  Elmer  A. 

Standford,  William 

Stearns,  Charles  K. 


Lincoln    St.    Ry.  Co.,   9th   and    K  jA 
Sts.,  Lincoln,  Neb.  /  .M 

Manager  and  Sup't,  The  Canon  City  (  . 
Electric    Light   and    Power  Co.,  -]  *, 
Canon  City,  Col.  ( 

Supt.     Lamp     Factory,     Westing-  (  . 
house  Electric  &  .Mfg.  Co.,  Pitts-  \^. 
burg.  Pa.  ( ' 

Consulting  Electrical  Engineer  and  (  . 
Expert  in  Patent  Causes,  36  Mof-  \  w 
fatt  Block,  Detroit.  Mich.  (  ^^ 

Mechanical  and  Electrical  Engineer,  (  * 
212  Drexcl  Building,  Philadelphia,  ■<  •- 
Pa.  ( 

Electrical  Engineer,  Sperry  Electric  (  . 
Railway  Co.,  Mason  and  Belden  -!  . , 
Sts.,  Cleveland.  O.  (  ^^ 

Asst.    Supt.    Telegraphs,   Colonial  (  . 
Govt.,  Cape  Town,  Cape  of  Good  \  ,, 
Hope,  Africa.  ( 

Supt.    of    Construction     N.     W.,  (  . 
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Wayne    Electric    Co.,    41    and   43 
Stevenson  St.,  San  Francisco,  Cal. 


Sept.  22,  1891 

Sept.  27,  1892 

Feb.  21,  1893 

Dec.  20,  1893 

Dec.    21,  1892 

Sept.  22,  189X 


Carty,  J.  J. 


Case,  Willard  E. 
Casper,  Louis 


{Afapiagfr)  Electrician,  Metropolitan 
Telephone  and  Telegraph  Co.,  cor. 
Spring  and  Wooster  Sts.,  New  York 
City. 

6  Fort  St.,  Auburn,  N.  Y. 

Contracting  Electrician,  Sheridan, 
Wyoming. 


April  1$,  1890 
Feb.      7,  1888 

April  21,  1891 
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Chamberlain,  F.  H. 


Electrician,  Metropolitan  R.  R.  Co., 
2411  P  St.,  N.  W.  Washington, 
D.  C. 


Cheney,  Frederick  A     Secretary,    Treasurer,     and     General 

Manager,  The  Elmira  Illuminating 
Co..  Elmira,  N.  Y. 

Superintendent  and  Electrical'  Engi- 
neer, Portland  General  Electric  Co  , 
Portland,  Ore. 


Cheney,  \V.  C. 


Chkrmont,  Antonio  I.eite  7  Rue  da  Matriz,  Rio  Janeiro,  U. 

S.  Brazil. 


Childs,  W.  H. 


Chinnock,  C.  E. 


Bookkeeper  for  The  Estey  Organ  Co., 
Braltleboro,  Vt. 

137  Sixth  Ave.,  Brooklyn,  N.  Y. 


June    17,  1890 

Oct.      I,  1889 

Sept.  22,  189Z 

Mar.   18,  1890 

Sept.     6,  1887 
April  15,  1884 


Christmas,  Adolph    Frederick   Manager   Electrical  Depart- 
ment, Johnson  Co.,  Johnstown,  Pa.     May    16,  1893 


Chi'BBUCK,  H.  Eugene     Secretary  and   Treasurer,   The    New 

Omaha  Thomson- Houston  Electric 
Co.,  Omaha,  Neb. 


Claflin,  Adams  D. 

Clement,  Lewis  M. 
Cleveland,  Wm.  B. 

Cobb,  John  S. 
Coffin,  Chas.  A. 

Cogswell,  A.  R. 

Colgate,  Geo.  L. 
Colley,  Benjamin  W. 


(General  Manager,  The  Mather  Elec- 
tric Co.,  116  Bedford  St.,  Boston, 
Mass. 

1013  Central  Ave.,  Oakland,  Cal. 

Electrical  Engineer,  309  Perry-Payne 
Building,  Cleveland,  O. 

[Address  unknown.] 

General  Electric  Co.,  620  Atlantic 
Ave.,  Boston,  Mass. 

Electrician  and  Superintendent,  Hali- 
fax Illuminating  and  Motor  Co., 
Ltd  ,  34  Bishop  St.,  Halifax,  N.  S. 

Electrical  Engineer,  136  Liberty  St., 
New  York  City. 

First  Ass't.  Superintendent,  The 
Commercial  Cable  Co.,  Hazel  Hill, 

N.  S. 


CoLviLLE,  Frank  C. 
C0.MPTON.  Alfred  G. 


Electrician  and  Inventor,  1503  Seventh 
Ave.,  Oakland,  Cal. 

(Afanager.)  Professor  of  Physics, 
College  of  the  City  of  New  York, 
17  Lexington  Ave.,  New  York  City. 

Contracting  and  Consulting  Engineer, 
Monadnock  Building,  Chicago,  III. 

CooLiDGE,  Charles  A.      Supt.  and  Electrician,  Northern  Im- 
provement Co ,  Centralia,  Washing 
ton. 


Comstock,  Louis  K. 


Corey.  Fred.  B. 


Cornell,  Chas.  L. 


Electrical  Engineer,  A.  B.  See  Manu- 
facturing Co.,  442  Henry  St.,  Brook- 
lyn, N.  Y. 

Electrical  Engineer,  Cornell  Engineer- 
ing Co.,  Hamilton,  O. 


Dec.     4,  1888 

June     7,  189a 
April  21,  189X 

April  IS,  1884 
June    17,  1890 

Dec.      6,  1887 

April  21,  189Z 
June  17,  1890 

Oct.  21,  1890 
May  19,  189X 

Nov.  I,  1887 
Dec.  20,  1893 

April  19,  189a 

Dec.  20,  1893 
Feb.   7,  1890 
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Corson,  William  R.  C.    Assistant  Electrician,  The  Eddy  Elec- 
tric Mfg.  Co.,  Windsor,  Conn. 

Cory,  Clarence  L.  Professor  of   Electrical  Engineering, 

University  of  California,    Berkeley, 
Cal. 


CowLEs,  Joseph  W. 

Craig,  J.  Hally 
Craigin,  Henry  A. 


Electrical  Engineer,  General  Electric 
.    Co.,    620    Atlantic    Ave.,    Boston, 
Mass. 

Cumner,  Craig  &  Co.,  69  Broad  St., 
Boston,  Mass. 

Engineer,  Westinghouse  Electric  and 
Mfg.  Co.,  IS  Charles  St.,  Boston, 
Mass. 


Crandall,  Chester  D.  Assistant  Treasurer,  Western  Elec- 
tric Co.,  227  South  Clinton  St., 
Residence,  4438  Ellis  Ave.  Chi- 
cago, 111. 

Crandall,  Joseph  Edwin  Electrician,  C.  &  P.  Telephone  Co., 

619  Fourteenth  St.,  N.  W.  Wash- 
ington, D.  C. 

Crane,  W.  F.  D.  Manager  Electrical  Department  H.  W. 

Johns  Manufacturing  Co.,  87 
Maiden  Lane,  New  York  City, 
and  24  Halstead  PI.,  East  Orange, 
N.J. 

Creaghead,  Thomas  J.    President     and      General    Manager. 

Creaghead  Engineering  Co.,  296 
Plum  St.,  Cincinnati,  O. 

Crehore,  Albert  C,  Ph.D,  Assistant     Professor   of    Physics, 

Dartmouth  College,  Hanover, 
N.  H. 


{VicC'-Presid^nt)  General  Manager 
Railway  Dept.  General  Electric  Co., 
44  Broad  St.,  New  York  City. 

Assistant  to  President  Henry  Morton, 
Stevens  Institute  of  Technology, 
325  Hudson  St.,  Hcboken,  N.  J. 

President,  Curtis  Electric  Mfg.  Co., 
Pacific  Ave.,  Jersey  City,  N.  J. 

General  Western  Agent,  Day's  Kerite 
Wire  and  Cables,  1106  The  Rookery, 
Chicago,  111. 

CusHMAN,  Holbrook  Instructor  in  Physics,  Columbia  Col- 
lege, 337  West  22d  St.,  New  York 
City. 

daCunha,  Manuel  Ignacio  Manager  of  the  Electrical  Section, 

Emprera      Industrial      Gram-Para, 
Para,  U.  S.  of  Brazil.  ' 


Crosby,  Oscar  T. 

CuNTZ,  Johannes  H. 

Curtis,  Chas.  G. 
Gushing,  F.  W. 


Jan.  17, 1893 

April  19,  i8q2 

Feb.  ai,  1893 

May  16,  1893 

June  6,  1893 


Sept.  37,  1893 


April  18,  1892 


Dame,  Frank  L. 
Dana,  R.  K. 


Engineer,    The     Northwest    General 
Electric  Co.,  Portland,  Ore. 

Agent,    Washburn    and    Moen    Mfg. 
Co.,  16  Cliff  St.,  New  York  City. 


Feb.      7,  1888 

Sept.  30,  1893 

Dec.    21,  1892 

Mar.  x8,  1890 

Mar.     5,  1889 
April   15,  1884 

Nov.   24,  1 89 1 

June     5, 1888 

May    16,  1893 

June   26,  1891 
April  IS,  ZS84 
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Daniell,  Francis  G.        Electrical   Engineer,  State  Street   H. 

R.  R.    Co..    528    State    St.,    New 
Haven,  Conn. 

Davrni>ort,  George  W.   61  Ames  Bldg.,  Boston,  Mass. 

Davidson,  Edw.  C.  Patent    Lawyer,    Room     179    Times 

Bldg.,  New  York  City. 

Superintendent.  Salem  Electric  Light 
and  Power  Co..  299  Lincoln  Ave., 
Salem,  O. 

Consulting  Engineer,  care  of  Phoenix 
Construction  Co.,  115  W.  38th  St., 
New  York  City. 

Solicitor  of  Patents,  with  H.  C. 
Townsend,  5  Beekman  St.,  New 
York  City. 

deKhotinskv,  Capt.  Achilles,  .Superintendent,  Germania  Elec- 
tric Co.,  Marlboro,  Mass. 


Davis,  Delamorb  L. 


Davis,  Joseph  P. 


Decker,  Delbert  H. 


DeLand,  Fred 
Deming,  Edward 

Denton,  James  E. 

Desmond,  Jere.  A. 

DiCKERSON,  E.  N. 

Doane,  S.  Everett 
DoBBiE,  Robert  S. 

Dodge,  Omenzo  G. 


Editor.  Electrical  Engineerings  565 
The  Rookery,  Chicago,  III. 

General  Manager,  Deming  Automatic 
Electric  Safety  System.  522  Han- 
cock St.,  Brooklyn,  N.  Y. 

Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken,  N.  J. 

Supt.  Electrical  Dept..  Kingston 
Electric  Light  Co..  Kingston,  N.  Y. 

Attomey-at-Law,  64  E.  34th  St.,  New 
York  City. 

68  Park  PI.,  Newark,  N.  J. 

Electrical  Engineer,  1014  Bergen 
Ave.,  Jersey  City,  N.  J. 

U.  S.  Navy,  Washington,  D.  C. 


Doolittle,  Thomas  B.     Engineering    Department.    American 

Bell  Telephone  Co.,  125  Milk  St., 
Boston,  Mass. 

Doremus,  Charles  A.       M.D.  Ph.D.     Chemist  and  Physicist, 

Bellevue  Hospital  Medical  College, 
College  of  the  City  of  New  York 
and  American  Veterinary  College, 
59  W.  51st  St.,  New  York  City. 

Dow,  Alexander  Engineer,    Public   Lighting   Commis- 

sion, 511  Hammond  Bldg.,  Detroit, 
Mich. 

Dressler,  Charles  E.      Maker    of     Scientific    and    Electrical 

Apparatus.  College  of  the  City  of 
New  York,  17  Lexington  Ave., 
New  York  City. 

Electrical  Engineer,  of  the  Crocker- 
Wheeler  Electric  Co.,  Ampere,  E. 
Orange,  N.  J.  ;  Residence,  223 
Central  Park,  West,  New  York 
Citv. 


Nov.  I  a.  1889 
June     4,  1889 

Feb.      7,  1890 

April    2,  1889 

April  15,  1884 

Sept.  20,  1893 

Oct.  27,  1891 

Feb.    16,  1893 

April  18,  1893 

July    12,  1887 

Jan.     19,  1893 

April  15,  1884 
Aug.     6,  1889 

Feb.      5,  1889 
Sept.  20,  1893 

May    16,  1893 


July      7,  1884 


Sept.  20,  1895 


Dec     16,  1890 


Du.nn,  Gang  S. 


April  21,  Z891 
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DuRANT,  Edward 


DuRANT,  Geo.  K. 


Edwards,  James  P. 


Egger,  Ernst 


ElCKEMEYER,  RUDOLF 


Ekstrom,  Axel 


Eley,  Harris  H. 


Elmer,  William  Jr. 


Electrician,  115  East  26th  St..  New 
York  City. 

Vice-Pres't  Bell  Telephone  Co..  of  Mo., 
511  No.  4th  St.,  St.  Louis,  Mo. 

Electrical  Eng:ineer,  1569  Walton  Way, 
Augusta,  Ga. 

Electrical  Engineer  care  of  B.  Egger 
&  Co  ,  X.  Simmeringstr,  187, 
Vienna,  Austria. 

President,  Eickemeyer  &  Osterheld 
Mfg,  Co.,  Yonkers,  N.  Y. 

Electrician,  92  Hamilton  Ave.,  Lynn, 
Mass. 

Electrical  Workshop  Supt.  W.  C.  &  S. 
W.  Telephone  Co.,  88  Colston  St., 
Bristol,  Eng. 

Under-graduate  in  Electrical  Engi- 
neering, Princeton  University, 
Princeton,  N.  J. 


Ely,  Wm.  Grosvenor,  Jr.,  Edison  General   Electric  Co.,   226 

Union  St,,  Schenectady.  N.  Y. 


Emmet,  Herman  L.  K. 

Ende,  Sigfrikd  H. 

Entz,  Justus  B. 

EssicK,  Samuel  V. 

Etiieridge,  E.  L. 
Fay,  Thomas  J. 


Fielding,  Frank  E. 

[Life  Member.] 

Fischer,  Gustave  J. 


Fish,  Walter  C. 
Fisher,  George  E. 

FiSKE,  Henry  G. 
FiSKK.  J    P.  B. 


Publisher  and  Printer,  36  Cortlandt 
St.,  New  York  City. 

« 

Colonnade  Hotel,  39  Lafayette  Place 
New  York  City. 

Electrical  Engineer,  The  Waddell- 
Entz  Co.,  Bridgeport,  Conn. 

Electrician,  The  Essick  Printing  Tel. 
Co.,  Yonkers,  N.  Y. 

66  No.  Oxford  St.,  Brooklyn,  N.  Y. 

*'C.  &  C."  Electric  Motor  Co..  402 
Greenwich  St.,  New  York  City. 

Chemist  and  Assayer,  Virginia  City, 
Nev. 

Engineer  for  Tramway  Construction, 
Public  Works  Department,  Sydney, 
N.  S.  W. 

General  Electric  Co.,  Lynn,  Mass. 

Secretary  and  General  Manager,  Com- 
mercial Electric  Co.,  55-57  Gratiot 
Ave.,  Detroit,  Mich. 

Electrician.  Croton  Magnetic  Iron 
Mines,  45  E.  22d  St.,  New  York 
City. 

Electrical  Engineer,  General  Electric 
Co.,  Lynn,  NIass. 


Nov.  15,  1892 

April  15,  1884 

April  19,  1892 

Feb.  21,  1893 

Sept.  20,  1893 

June  17,  1890 

Jan.  7. 1890 

Mar.  18,  1890 

Mar.  21,  1893 

April  15,  1884 

Jan.  17,  1894 

Jan.  7,  1890 

May  19.  1 891 

Dec.  20,  1893 

June  26,  189X 

Sept.  6,  1887 

Jan.  20,  1891 

June  26,  1 891 

Sept.  27.  1892 

Nov.  Z2,  1S89 

June  17,  1890 
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FiTZMAURiCE,  James  S.     Chief    Engineer,  The  Electric   Light 

Branch,    210  George  St.,    Sydney, 
N.  S.  W. 


Flack,  J.  Day 


Supt.  of  Equipment,  General  Electric 
Co.,  Lamp  Works,  Harrison,  N.  J. 


Flagg,  Stanley  G.,  Jr.   Stanley   G.    Flagg  &  Co.,    19th   St., 

and  Penna.  Ave.,  Philadelphia,  Pa. 

Flanagan,  Thomas  Francis  Supt.  and  Electrician,  Portsmouth 

Gas  Light  Co.,  Portsmouth,  N.  H. 


Flather,  John  J. 

Flegel,  Geo.  C. 

Fleming,  Richard 
Flesch,  Charles 

Flint,  Bertram  P. 

Flood,  J.  F. 

Floy,  IIenrv 
FooTE,  Allen  R. 

FooTE,  Charles  W. 

Foote.  Thos.  H. 
Forbes,  Francis 

Ford.  \Vm.  S. 


Francisco,  M.  J. 


Professor  of  Mechanical  Engineering, 
Purdue  University,  Lafayette,  Ind. 

Electrical  Editor,  The  Railroad  Tele- 
grapher ^  Argos,  Ind. 

208  West  15th  St.,  New  York  City. 

Electrical  Engineer,  Allgemeine  Elek- 
tricitats-Gesellschaft,  22  Schiffbauer- 
damm,  Berlin,  N.  W.  Germany. 

Electrical  and  Mechanical  Engineer, 
with  Chas.  H.  Davis,  120  Broadway, 
New  York  City. 

Supt  Steubenville  Street  Railway  Co., 
Stcubenville,  O. 

168  North  Ave.,  Allegheny,  Pa. 

Special  Agent,  Electrical  Industries, 
U.  S.  Census.  Takoma  Park,  D.  C. 

Consulting  Electrical  Engineer, 
Pomona.  Cal. 

no  W.  129th  St.,  New  York  City. 

Lawyer,  137  Broad wav,  New  York 
City. 

Assistant    to  Chief     Engineer,    The 

American  Bell     Telephone     Co., 

Room   73,  125    Milk   St.,    Boston, 
Mass. 

President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, 
Vt. 


Sept.  20,  1893 

Dec.     6,  1887 

April  18,  1893 

Jan.     17,  1894 

April  19,  1892 

Sept.  20,  1893 
Oct.    18,  1893 

Sept.  27,  1892 

Jan.     17,  1894 

Mar.   18,   1890 
May    17,  189a 

April  21,  1 891 

Sept.  22,  1891 
April  21,  1891 

Sept.  16,  1890 


Frep:dman,  William  H.    Tutor     in     Electrical     Engineering, 

School  of  Mines,  Columbia  College, 
120  W.  I25ih  St.,  New  York  City. 


French.  E.  L. 

French.  Thomas,  Jr. 

Frey,  Charles  P. 

Frost,  Francis  R. 
Frye,  Henry  W. 


Stanley    Laboratory    Co.,     Pitts6eld, 
Mass. 

Professor  of    Physics,    University   of 
Cincinnati,  Avondale,  Cincinnati.  O. 

Electrician.  The  E.  S.  Greeley  &  Co. 
Laboratory,  Greenbush,  N.  Y. 

Ithaca,  N.  Y. 

Associate  Editor.  The  FAecttical 
Worlds  Times  Building,  New  York 
City. 


June  7,  189a 

June  17,  1890 

Mar.  18,  1890 

Dec.  16,  1890 

Sept.  20,  1893 

June  6,  1893 

Dec.  20,  1893 

May  16,  1893 
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Fuller,  Levi  K. 
Gardanier,  George  W. 

Gerry,  M.  H.,  Jr. 

GiFFORD,  Clarence  E. 

Giles,  Walter  A. 
Gilliland,  E.  T. 

GOLDMARK,  ChAS.  J. 

goldsborough,  winder 

Gorton,  Charles 
Gordon,  Reginald 

Gray,  W.  N. 
Greene,  S.  Dana 
Gross,  S.  Ross 
Grower,  George  G. 

Griffin,  Capt.  Eugene 
Guy,  George  Heli 

Hadley,  Warren,  B. 

Hall,  Edward  J. 

Hall,  Edwin  H. 

Hall,  William  P. 
Halsey,  William  B. 


Vice-President,  Estey  Orjj^sm  Co. ,  and 
Governor  of  Vermont,  Brattleboro, 
Vt. 

Electrician,  Western  Union  Tele- 
graph Co.,  195  Broadway,  New 
York  City. 

Eni^ineer,  N.  W.  General  Electric 
Co.,  3333  Cedar  Ave.,  Minneapolis, 
Minn. 

Assistant  Electrical  Engineer,  The 
Buffalo  Railway  Co.,  878  Prospect 
Ave.,  Buffalo.  N.  Y. 

Enfirineer  and  Contractor,  416  Lewis 
Block.  Pittsburg,  Pa. 

Pelham  Manor,  N.  Y. 

Electrical  Engineer,  Field  Engineering 
Co.,  143  Liberty  St  ,  and  473  Park 
Ave.,  New  York  City. 

E.,  M,E.^  Greensborough,  Caroline 
Co.,  Md. 

Civil  Engineer,  Belmont,  N.  Y. 

Assistant  in  Physics,  Columbia  Col- 
lege, Residence,  76  Park  Ave., 
New  York  City. 

Electrical  Engineer,  200  Neave  Build- 
ing, Cincinnati,  O. 

Assistant  General  Manager,  General 
Electric  Co.,  Schenectady,  N.  Y. 

Electrician,  Tennessee  Coal,  Iron  and 
R.R.  (^o.,  Ensley,  Ala. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 

General  Electric  Co.,  44  Broad  St., 
New  York  City. 

Secretary,  The  New  York  Electrical 
Society.  131  West  34th  St.,  New 
York  City. 

Supt..  Wiring  Dept.,  Edison  Electric 
Iljuminating  Co.,  431  Fifth  Ave., 
New  York  City. 

Vice-President  and  General  Manager, 
American  Telephone  and  Telegraph 
Co.,  18  Cortlandt  St  ,  New  York 
City. 

Assistant  Professor  of  Physics,  Har- 
vard Collei^e,  Gorham  St.,  Cam- 
bridge, Mass. 

President,  The  Hall  Signal  Co.,  80 
Broadway,  New  York  City. 

Inspector,  Postal  Telegraph-Cable 
Co.,  q6  Broadway,  New  York 
City. 


Mar.  5,  i88(> 

April  18,  1893 

April  18,  1893 

May  16, 1S93 

Nov.  I,  1887 

April  Z5,  1884 

June  5.  1B8S 

Mar.  21,  1893 

Nov.  12,  1889 

Feb.  24,  1891 

Oct.  I,  1889 

Sept.  20,  1893 

May  17,  1892 

Mar.  18,  1890 

Feb.  7,  1890 

May  16,  1895 

June  26,  1 891 

April  18,  1895 

Sept.     3,  1889 

Sept.  16,  1890 

Mar.  18,  1890 
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H AMHATT,  Clarence  S.   Supt ,  Jacksonville  Electric  Light  Co. , 

Jacksonville,  Fla.  Sept.  20,  1893 

Hancock,  L.  M.  Supt.  of  Construction,  Western  Elec- 

tric  Co.,  225   Fair  Oaks   St.,   San 
Francisco,  Cal.  May    19,  1891 

Handley,  Arthur  Electrical   Engineer,  Electrical   Engi- 

neering  Co.   of    Ireland,    Limited, 
61  Dawson  St  ,  Dublin,  Ireland.  Dec.    16,  1890 

Harding,  H.  McL.  1014   Havemeyer  Building,    26  Cort- 

landt  St.,  New  York  City.  May    24,  1887 

Harrington,  Walter  E.  Electric  Railway  Engineer,  307  Mar- 
ket St.,  Camden,  N.  J.  Mar.    17.  1891 

Hart,  Francis  R.  Supt.  of  Construction,  Mass.  Electri- 

cal Engineering  Co. ,  4  P.O.  Square, 
Boston,  Mass..  April  21,  1891 

Hartman,  Herbert  T.     Assistant  Engineer,  Canadian  General 

Electric  Co.,  Peterborough,  Ont.  Mar.    ai,  1893 

Haskins,  Caryl  D.  General    Electric    Co.,    Schenectady, 

N.  Y.  Mar,    18,  1890 

Haskins,  Clark  Caryl    City    Electric    Light    Inspector,    582 

West  Congress  St.,  Chicago,  III.  Sept.  20,  1893 

Hasson,  W.  F.  C.  Consulting  Engineer,  104  Sutter  St., 

San  Francisco,  Cal.  Mar.    18,  1890 

Hatzel,  J.  C.  Electrical   Engineer  and    Contractor, 

114  Fifth  Ave.,  New  York  City.  Sept.     3,  1889 

Heath,  Harry  E.  Chief    Draughtsman,    Eddy     Electric 

Mfg.  Co.,  Box  i8q,  Windsor,  Conn.     Mar.   21.  1893 

Healy,  Louis  W.  The    Wightman    Electric    Co.,    1205 

Marion  St.,  Scranton,  Pa.  June   26,  1891 

Henshaw,  Frederick  V.  Electrical  Engineer,   The  **C.  &  C.** 

Electric  Motor  Co.,  402  Greenwich 
St.,  New  York  City.  Feb.      5,  1889 

Hewlett,  Edward  M.     Electrical    Engineer,    Railway   Dept. 

General   Electric  Co.,   128  Johnson 
St.,  Lynn,  Mass  May    19,  1891 

HiGGiNS,  Eugene  Electrical  Engineer,  Racine,  Wis.  April  19,  1892 

Hill,  George,  C.E.  Consulting    Engineer,    44    Broadway, 

New  York  City.  April  19,  1892 

Hochhausen,  William     Electrician,    The    Excelsior     Electric 

Co.,    iq6  Willoughby  St.,  74  Han- 
son PL,  Brooklyn,  N.  Y.  April  15,  1884 

HoLCOMB,  Eugene  R.        Engineering    Dept.,    Edison    General 

Electric  Co.,  Portland,  Ore.  June    17,  1890 

Holmes,  Franklin  S.       Electrical  Engineer,  with  C.  H.  Davis, 

120   Broadway,  N.  Y.,  445a  Macon 
St.,  Brooklyn,  N.  Y.  April  21,  1891 

Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 

The  Colorado  Smelting  Co. ,  Pueblo, 
Col.  April  15,  1890 

Hoopes,  Arthur  West  Chester,  Penn.  April  19,  1892 
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HowsoN,  Hubert  Patent   Lawyer,  38   Park   Row,  New 

York  City.  June     8, 1887 

HuBRECHT,  Dr.  H.  F.  R.  Director,    Nederlandschc    Bell   Tele- 
phone Co.,  Amsterdam,  Holland.  Oct.      4,1887 

Hudson,  John  E.  President,  The  American   Bell   Tele- 

phone Co.,  125  Milk  St.,  Boston, 
Mass.  Dec.    20,  1893 

Huff,  S.  W.  General  Manager,  The  Raleigh  Street 

Railway  Co.,  Raleigh,  N.  C.  Nov.   24,  1891 

Humphreys,  C.  J.  R.        Manager,    Lawrence   Gas  Co.,    Law- 
rence, Mass.  Sept.     6,  1887 

Humphreys,  Prof.  Wm.  J.  Washington   College,  Chestertown, 

Md.  April  18, 1893 

Idell,  Frank  E.  Mechanical  Engineer,  616  Havemeyer 

Building,  New  York  City.  July    12.  1887 

Ihuder,  John  D.     .  Electrical    Engineer,   with   Osterheld, 

&  Eickemeyer,  Manuf'rs  of  Dyna- 
mos and  Motors,  Yonkers,  N.  Y.  Oct.      2,  1888 

Insull,  Samuel  President,  Chicago  Edison   Co.,  The 

Rookery,  Chicago,  111.  Dec.      7,  1886 

Ives,  Edward  B.  Lieutenant  U.  S.  A.,  Electrical  Engi- 

neer, nth  and  Colona  Sts.,  Phila- 
delphia, Pa.  April     2,  1889 

Iwadare,  KuNiHiKO         Electrician,  Osaka  Electric  Light  Co., 

Osaka,  Japan.  Sept.  20,  1893 

Izard,  E.  M.  Electrical  Engineer,  Chicago,  III.  Mar.      5,  1889 

Jaeger,  Charles  L.  Inventor,  Maywood,  N.  J.  Dec.   20,  1893 

James,  John  N.  Electrician,  Naval  Observatory,  Wash- 

ington, D.  C.  Feb.    16,  1891 

Johnson,  J.  N.  Electrician   in  Cable  Dept.,  Western 

Union  Fei.  Co.,  16  Hroad  St.,  New 
York  City.  Sept.  20,  1893 

Johnston,  A.  Langstaff  Consulting     Engineer,     Hestonville, 

Mantua  and  Fairmount  Passenger 
R.R.  Co  ,  4300  Lancaster  Ave., 
Philadelphia,  Pa.  April  21,  1891 

Johnston,  W.  J.  President,    The  W.  J.  Johnston  Co., 

Ltd.,  Times  Building,  New  York 
City.  April  15,  1884 

Jones,  F.  R.  Professor  of    Machine   Design,    Uni- 

versity of  Wisconsin,  Madison,  Wis.     May    20,  1890 

JUDSON,  Wm.  Pierson       U.  S.  Civil  Engineer.  Oswego,  N.  Y.       June     8,  1887 

Keen,  William  M.  B.,  lif.D.  85  Varick  St.,  New  York  City.  Sept.  16,  1890 

Keilholtz,  p.  O.  Secretary   and  Superintendent,   U.  S. 

Electric  Power  and  Light  Co., 
Baltimore,  Md.  Mar.    21,  1893 

Keller,  E.  E.  Manager   and   General   Supt.  of   Ex- 

position Work,  Westinghouse  Elec- 
tric and  Mfg.  Co.,  5506  Monroe 
Ave.,  Chicago.  111.  Sept.   20,  1893 

Kellogg,  James  W.,  J/. ^.  General   Electric  Co.,    140  E.  27th 

St.,  New  York  City.  June  26,  1891 
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Kennelly,  a.  E.  ( Vice-President.)  Electrician,    Edison 

Laboratory,  Orange,  N.  J.  May      i,  z888 

Kimball,  A.  S.  Professor  of   Physics,  Worcester  Poly- 

technic Institute,  Worcester,  Mass.      Sept.     3,  1889 

Kinney,  Harry  A.  Electrical  Engineer,  634  West  Warren 

Ave.,  Detroit,  Mich.  Mar.    18,  1890 

KiRKEGAARD,  J.  Georg     General  Incandescent  Arc  Light  Co., 

329  Union  St.,  Brooklyn,  N.  Y.  Sept.  20,  1893 

Knox,  James  Mason         Student    in    Electrical     Engineering, 

Columbia  College,  School  of  Mines, 
New  York  City.  Jan.     17,  1894 

Kreidler,  W.  a.  Editor  and  Publisher,    Western  EUc- 

trician^  6    Lakeside   Building,  Chi- 
cago, III.  Oct.      4,  1887 

Lain,  David  E.,  B,  S.      Electrical  Engineer,  Yonkers,  N.  Y.        Nov.   13,  18S8 

Land,  Frank  69  Park  St.,  Lynn.  Mass.  Sept.  22,  1891 

Lanman,  William  H.        Patent   Dept.,  General    Electric  Co., 

44  Broad  St.,  New  York  City.  June     6,  1893 

Lavvton,  W.  C.  Electrician   in   Motor   Dept.,    Edison 

Electric  Illuminating  Co.,  808  Greene 
Ave.,  Brooklyn,  N.  Y.  June     6,  1893 

Ledoux,  a.  R.,  M,  5.,  Ph.D.,  Chemical   Expert,  9  Cliff  St., 

New  York  City.  Dec.      7,  1886 

Lee,  John  C.  Chemist    and    Electrician,    American 

Bell  Telephone  Co.,  Mountfort  St., 
Longwood,  Brookline,  Mass.  Mar.    [8,  1890 

Lenz,  Charles  Otto        2625  Wabash  Ave.,  Chicago,  111.  Mar.    15,1892 

Levis,  Minford  Superintendent,  Novelty  Electric  Co., 

54  North  4th  St.,  Philadelphia,  Pa.       Feb.    21,  1893 

Levy,  Arthur  B.  Assistant  Engineer,  Arc  Light  Dept., 

General  Electric  Co.,  Sio  Lexington 
Ave.,  New  York  City.  Jan.     20,  1891 

Lewis,  Henry  Frederick  William,    Redlands,  48   Sydenham 

Road,  Croydon,  Surrey,  England.        Mar.      5,  1889 

LiEB,  Charles  A.  44  Broad  St..  New  York  City.  May    16,  1893 

LiEBiG,  GusTAV  A.,  Jr.      Electrical  Testing  Bureau,  Johns  Hop- 
kins University,  Baltimore,  Md.  Mar.      6,  1888 

Lindner,  Chas.  T.  Electrical  Engineer,  Dwight  Way  and 

Tel.  Ave.,  Berkeley,  Cal.  Dec.    20,  1893 

Little,  Franklin  P.        Manager,    F.    P.    Little   &    Co.,    141 

East  Seneca  St.,  Buffalo,  N.  Y.  May    17,  189a 

Logan,  Charles  H.  [Address  unknown.]  Nov.   18,  i8go 

LooMis,  Osborn  p.  Electrical    Engineer,    Bound    Brook, 

N.  J.  Sept.  16,  1890 

LoRRAiN,  James  Grieve    Norfolk  House,  Norfolk  St.,  London, 

W.  C,  England.  May    16,  1893 

LovEjOY,  J.  R.  General      Manager,      Supply     Dept., 

General  Electric  Co.,  Schenectady, 
N.  Y.  April  21,  189 

Low,  George  P.  Electrical  Inspector,  Pacific  Insurance 

Union,  303  California  St.,  San  Fran- 
cisco, Cal.  Jan.    17,  1893 
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Miner,  Willard  M.  Electrician   and    Inventor,    339   East 

Second  St.,  Plainfield,  N.  J. 

Mitchell.  John  Murray  Lawyer.  Box  3712.  45  Wall  St.,  New 

York  City. 


July    12,  1887 
June      2,  i88s 


Mitchell,  Sidney  Z. 


Mix,  Edgar  W. 


Monell,  Joseph  T. 


Manag^er,  Oregon,  Washington  and 
Idaho  Agency,  General  Electric 
Co.,  Fleischner  Building,  Portland, 
Ore. 

Electrician,  with  Thomson- Houston 
International  Elecinc  Co.,  27  Rue 
de  Loudres,  Paris,  France. 


With  F.  B.  Crocker,  236  W   22d  St., 
New  York  City. 

Moore,  D.  McFarlan      Electrical  Engineer,  General   Electric 

Co.,  44  Broad  St.,  New  York  City. 

Moore,  John  J.  Rider  Ave.,  New  York  City. 

MoRDEY,  Wm.  Morris  Electrician,  Brush  Electrical  Engineer- 
ing Co.,  34  Montserrat  Road,  Put- 
ney, London,  Eng. 

Morrison,  J.  Frank  15  South  St.,  Baltimore,  Md. 

MoRSS,  Everett  Vice-President,  Simplex  Electric  Co., 

297  Beacon  St.,  Boston,  Mass. 

Morrow,  John  Thomas  Supt.    Electrolytic  Plant,  Boston  and 

Montana  Consolidated  Copper  and 
Silver  Mining  Co.,  Great  Falls, 
Mont. 

Morton,  Henry,  Ph.D,  President  of  Stevens  Institute  of  Tech- 
nology, Hoboken,  N.  J. 

Moses,  Dr.  Otto  A.  Electrician,    1037    Fifth   Ave.,    New 

York  City. 

Moss,  Geo.  W.  Manager,  The  Mexican  Telegraph  Co., 

Vera  Cruz,  Mexico. 

MosscROP,  Wm.  A.,  M.E   Electrical  Engineer,   128  Oliver  St., 

Boston,  Mass. 

MOTr,  S.  D.  Electrical  Engineer,  Passaic,  N.  J. 

Mottram,  William  T.  M.  Representative  Curtis  Electric  Mfg. 

Co  ,  Pacific  Ave.,  Jersey  City,  N.  J. 

Assistant  Electrician,  City  of  Hobo- 
ken, Police  Headquarters,  Hoboken, 
N.J. 

Electrical  and  Mining  Engineer,  Penn 
Building,  Pittsburgh,  Pa. 

[Address  unknown.] 

Electrical  Engineer,  R.  T.  Oakes  & 
Co..  366  High  St.,  Holyoke,  Mass. 


Nov.   12.  1889 

Sept.     3,  1889 

Oct.     27,  1891 

Dec.    20,  1893 
Nov.   12,  1889 

Sept.  22,  J  891 
April  15,  1884 

Sept.  22,  1 891 


MusTiN,  Herbkrt  S. 

Myers,  Geo.  Francis 

Nesmith,  S.  D. 
Newell,  Arthur  J. 


Norton,  Elbert  F.  Chief  Inspector,  City  Electrical  Inspec- 

tion, 15  City  Hall,  Chicago,  111. 

NUNN,  Richard  J.,  M,D,  Physician,  119^  York  St.,  Savannah, 

Ga. 


Nutting,  Samuel  E. 


Electrician  and  Supt.,  Nutting  Elec- 
tric Mfg.  Co.,  241  South  Scoville 
Ave.,  Oak  Park,  111. 


Dec.  21,  189s 

May  24,  18S7 

May  17,  1887 

Jan.  7,  1890 

May  7.  1889 

Sept.  20,  1895 

Mar.  21,  1895 

Dec.  20,  1893 

June  17,  Z890 

Sept.  16,  1890 

Mar.  18,  1890 

Dec.  20,  Z893 

July  12,  1887 

Sept.  20,  X893 
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OCKERSHAUSEN,  H.  A.       Electrical  Engineer,  65  Madison  Ave., 

Jersey  City,  N.  J. 


O'Dea,  M 


Electrician.  University  of  Notre  Dame, 
Notre  Dame,  Ind. 


Olan,  Theodor,  J.  W.      Civil    and    Electrical    Enj^neer,    113 

West  34th  St.,  New  York  City. 

Osborne,  Loyall  Allen  Engincir  and  Electrician,  Westing- 
house  Electric  and  Mfg.  Co.,  29 
Plane  St.,  Newark,  N.  J. 


OSTERBERG,  MaX 

Otten,  Dr.  Jan  D. 
Owens,  R.  B. 

Page,  A.  D. 

Palmer,  G.  W.,  Jr. 
Parcelle,  Albert  L. 

Parker,  Herschel  C. 
Parmly  C.  Howard 


Student  in  Electrical  Engineering, 
Columbia  College.  232  East  62nd 
St.,  New  York  City, 

Engineer,  Thomson-Houston  Inter- 
national Electric  Co.,  Kleinbeeren- 
strasse  21,  Berlin.  S.  W.  Germany. 

Professor  of  Electrical  Engineering, 
University  of  Nebraska,  Lincoln, 
Neb. 

Assistant  Manager  Edison  General 
Electric  Co.  Lamp  Works,  Harri- 
son, N.  J. 

[Address  unknown.] 

Electrician  and  Inventor,  157  Wash- 
ington St.,  Boston,  Mass. 

Assistant  in  Physics,  Columbia  Col- 
lege, 21  Fort  Green  PI.,  Brooklyn, 
N.  Y. 


Tutor  in  Mathematics,  College  of  the 
City  of  New  York,  344  W.  29th 
St.,  New  York  City, 

Parsell,  Henry  V.,  Jr.  Supt.  of  Construction,  Edison  Decor- 
ative and  Miniature  Lamp  Dept., 
Harrison,  N.J.,  and  31  E.  21st  St., 
New  York  City. 


Electrician,  172  Remsen  St.,  Brook- 
lyn. N.  Y. 

General  Supt.  Citizens  Electric  Illu- 
minating Co.,  cor.  Rockwell  PI. 
and  DeKalb  Ave.,  Brooklyn,  N.  Y. 

Electrician,  Apartado  694,  City  of 
Mexico,  Mexico. 

Pedersen,  Frederick  Malling  Assistant  Electrical  Engineer, 

Crocker- Wheeler  Electric  Co.,  327 
W.  34th  St.,  New  York  City. 


Paul,  Chas.  M. 
Peck,  Edward  F. 

Peck,  Samuel  C. 


Pkirce,  Wm.  H. 


Perkins,  Frank  C. 
Perot,  L.  Knowles 


Assistant  Manager,  Baltimore  Smelt- 
ing and  Rolling  Co.,  Keyser  Bldg, 
German  and  Calvert  Sts.,  Balti- 
more, Md. 

629  Prospect  Ave.,  Buffalo,  N.  Y. 

General  Manager,  Eastern  Engineer- 
ing and  Construction  Co.,  308  Wal- 
nut St.,  Philadelphia,  Pa. 


Sept.  6.  1887 
June  8, 1887 
May    16,  1893 

Oct.  18,  1893 

Jan.  17,  1894 

Nov.  18,  1890 

June  17,  1890 

Jan.  19,  (892 
April  15,  1890 

Dec.  16,  1891 
April  19,  1892 
Feb.    21,  1893 


Nov.   12,  1889 
May      7,  1889 

May  20,  189a 
Sept.  6,  1887 

Sept.  20,  1893 


Sept.  7,  1888 
Oct.  21,  1890 

Mar.  15,  1892 
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Petty,  Walter  M. 

Pfund,  Richard 
Phillips,  Eugene  F. 
Poole,  Cecil  P. 
Pope,  Ralph  W. 


Powell,  William  H. 
Puffer,  Wm.  L. 

PupiN,  Dr.  Michael  I. 

Randall,  John  E. 

Randolph,  L.  S. 
Ray,  William  D. 

Read,  Robert  H. 

Reber,  Samuel 

Reed,  Chas.  J. 
Reed,  Henry  A. 

Reid,  Thorburn 
Reilly,  John  C. 
Reinmann,  a.  L. 
Reist,  H.  G. 

RF.nUIKR.  A.    MaRCF.L 


RiKER,  Andrew  L. 

[Life  Member.] 

Robb,  Russell 


W.  M.  Petty  &  Co..  General  Electrical 
Supplies,  Rutherford,  N.  J.,  and 
New  York  City. 

Electrical  Apparatus  and  Supplies,  153 
Broadway,  Brooklyn,  N.  Y. 

Manufacturer  Insulated  Electric  Wire, 
Providence,  R.  I. 

Contracting  Electrical  Engfineer,  108 
Eighth  St.,  Lynchburg,  Va. 

Secretary  to  the  American  Institute  of 
Electrical  Engineers,  12  W.  31st 
St.,  New  York  City;  Residence, 
570  Cherry  St.,  Elizabeth,  N.  J. 

Manchester,  Conn. 

Assistant  Professor  of  Electrical  En- 
gineering, Mass.  Institute  of  Tech- 
nology, Boston,  Mass. 

(Manager,)  Instructor  in  Mathemati- 
cal Physics,  Columbia  College,  46 
\\.  72d  St.,  New  York  City. 

Columbia  Incandescent  Lamp  Co., 
191 2  Olive  St.,  St.  Louis,  Mo. 

Electrician.  Blacksburg,  Va. 

Electrical  Engineer,  124  Seeley  Ave., 
Chicago,  111. 

Firm  of  Pope,  Read  &  Rogers,  39 
Cortlandt  St.,  New  York  City. 

Lieut.  U.  S  Army,  Johns  Hopkins 
University,  Baltimore.  Md. 

Electrician,  609  Norris  St.,  Phila- 
delphia, Pa. 

Secretary  and  Manager,  Bishop  Gutta- 
percha Co.,  422  E.  25th  St.,  New 
York  City. 

Electrical  Engineer,  24  Chase  St., 
Lynn,  Mass. 

General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co., 
16  Smith  St.,  Brooklyn,  N.  Y. 

Electrician,  45  Linden  St.,  Brooklyn. 
N.  Y. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Electrical  Knj>^ineer.  Weslinghouse 
Electric  and  Manufacturing  Co., 
l'ittsbur^^  Pa. 

Electrical  Engineer,  737  Madison  Ave., 
New  York  City. 

With  Stone  &  Webster,  4  Post  Office 
Sq.,  Boston,  Mass. 


May  16,  1893 

April  18,  1S93 

July  13,  1889 

Jan.  3,  1888 


June     2,  1885 
June    17,  1890 

Dec.    20,  1893 

Mar.    18.  1S90 

May  7,  18S9 
Feb.    21,  1893 

Sept.  27,  1892 
Jan.     19,  1892 

Sept.  20,  1893 

Mar.      5.  1S89 

June  4.  1889 
Oct.  21,  1890 
April  15,  1884 
June  8,  1887 
June    17,  1S90 

Dec.  20,  iSgJi 
Nov.  I,  18S7 
Oct.     i8,  1893 
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RoBERSON,  Oliver  R.        Electrician,  Western  Union  Telegraph 

Co.,  195  Broadway,  P.  O.  Box  856, 
New  York  City. 


Robinson,  Almon 


Draughtsman,  Expert  in  Methods  of 
Gearing,  I'.  O.  Box  943,  Lewiston, 
Me. 


Rodman,  Lieut.  Samuel,  Jr.  Electrician  and  Expert  in  High 

Explosives.  17  Quincy  St.,  Chicago, 
111. 

RoEBLiNG,  Ferdinand  \V.  Manufacturer    of    Electrical    Wires 

and  Cables,  Trenton,  N.  J. 


Roessler,  S.  W. 

Rogers,  Edward  H. 
Roper,  Denney  W. 


Captain,  Corps  of  Engineers  U.S.  A., 
99  Madison  St.,  Memphis,  Tenn. 

Patent  Lawyer,  Firm  of  Pope,  Read  & 
Rogers,  New  Haven,  Conn. 

414  Langdon  St.,  Alton,  111. 


Rosebrl'gh,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 

School    of    Practical    Science,    107 
Mutual  St.,  Toronto,  Ont. 


Electrical  Expert  and  Patent  Solicitor, 
177  Times  Building,  New  York 
City. 

Engineers'  Department,  Broadway  and 
7lh  Ave.  Railroad  ;  Residence,  784 
Lexington  Ave.,  New  York  City. 

Electrical  Engineer,  Canadian  General 
Electric  Co..  350  Main  St.,  Winni- 
peg, Manitoba. 

Electrician  and  Patent  Solicitor,  1410 
Pennsylvania  Ave.,  Washington, 
i).  C. 

Chief  Knj^ineer,  Canadian  General 
Electric  Co.,  63  Front  St.,  W.  To- 
ronto, Can. 

{Mantii^er.)  Professor  of  Electrical 
Engineering,  Cornell  University, 
Ithaca,  N.  \'. 

Electrician,  137  Broadway,  New  York 
Citv. 

Electrical  Engineer.  Telephone  Dept., 
Western  Electric  Co.,  227  So.  Clin- 
ton St.,  Chicago,  III 

Sahulka,  Dr.  Johann      Docent  of  Elcctrotechnics,  Technische 

llochschule,  Vienna,  Austria 


ROSENBAUM.  Wm.  A. 

Rosenberg,  F.  M. 

Ross,  Norman  N. 

RoYCE,  Fred  W. 

Rutherford,  W.  M. 

Ryan,  Harris,  J. 

Sachs,  Joseph 
Sage,  Henry  Jud.son 


Sanborn,  Francis  N. 
Sands    II.  S. 

Sargent.  W.  f>. 
Saxelby,  Frederick 


Wilkesbarre,  l*a. 

(.'on'^iiUin;'^  :ind  ronNtrucling  I'.lcctri- 
cal  llni^isutrr.  IV.ibddy  Building. 
Wlioclinj^,  \V.  V;i. 

(icTicral  Manaj^tr,  N.  V.  ^:  N.  J.  Tel- 
Co.,  16  Smith  St..  Brooklyn.  N.  V. 

Electrical  Engineer,  288  Summer  Ave., 
Newark,  N.  J. 


Dec.  20,  1893 

Sept.  6,  1887 

Sept.  16,  1890 

June  8,  1887 

Dec.  3,  1889 

Sept.  22,  1891 

June  6, 1893 

June  26,  1 89 1 

Jan.  3,  1889 

Oct.  21,  1890 

Sept.  20,  1893 

April  15,  1884 

Sept.  22,  1891 

Oct.  4,  1887 

Mar.  15,  1892 

Dec.  20,  1893 

Dec.  20,  1893 

Nov.  24,  1891 

Feb.  21,  1893 

April  15,  1884 

June  5,  1888 
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SCHEFFLER,  FrED. 

ScHLossER,  Fred.  G. 
ScHMiD,  Albert 


Agent,  Stirling  Boiler  Co.,  74  Cort- 
landt  St.,  New  York  City. 

Superintendent  of  Electric  Dept.,  La- 
clede Gas  Light  Co.,  1038  Leffing- 
well  Ave.,  St.  Louis,  Mo. 

Superintendent,  Westinghouse  Electric 
and  Mfg.  Co..  Pittsburg,  Pa. 

ScHOEN,  Allen  McGee     Electrician,  South  Eastern  Tariff  As- 
sociation, Atlanta.  Ga. 

Schreiter,  Heinr,  C.-£.  Editor,  Der   Trchniker,  11   Chambers 

St ,  New  York  City. 

Shepard  &  Searing,  Mechanical  and 
Electrical  Engineers,  513  and  514 
Mining  Exchange,  Denver,  Col. 

A.  B.  See  Manufacturing  Co.,  966 |i 
Bergen  St..  and  116  Front  St., 
Brooklyn,  N.  Y. 

Electrical  Engineer  and  Contractor, 
121  Liberty  St.,  New  York  City. 

Seitzinger,  Harry  M.     Consulting  and  Constructing  Engineer, 

Wilkesbarre,  Pa. 


Searing,  Lewis 


See,  a.  B. 


Seely,  J.  A. 


Selden,  R.  L.,  Jr. 
Serrell,  Lemuel  Wm. 

Sever,  George  F. 

Serva,  a.  a. 
Shain,  Charles  D. 
Shaw,  Edwin  C. 


Deep  River,  Conn. 

Mechanical  and  Electrical  Engineer, 
10  Wall  St.,  New  York  City. 

Instructor  in  Electrical  Engineering, 
Columbia  College,  121  East  30th 
St.,  New  York  City. 

North  Industry,  Ohio. 

136  Liberty  St.,  New  York  City. 

Manager,  Akron  General  Electric  Co., 
Akron,  O. 


Shaw,  George  B. 
Shea,  Daniel  W. 


General  Manager,  National  Electric 
Mfg.  Co.,  Eau  Claire,  Wis. 

Assistant  Professor  of  Electrical  En- 
gineering and  Physics,  University 
of  111.,  Champaign,  III. 

Electrical  Engineer,  General  Electric 
Co.,  Lynn,  Mass. 

Electrical  Engineer,  loi  W.  76th  St., 
New  York  City. 

Shepardson,  George  D.  Dept.     of      Electrical      Engineering, 

University    of    Minnesota,     Minne- 
apolis, Minn. 

Professor  of  Electrical  Engineering, 
University  of  Missouri,  Columbia, 
Mo. 


Sheble,  Franklin 
Sheehy,  Robert  J. 


Shrader,  William 


Sinclair,  H.  A. 


SisB,  Charles  F. 


Electrical  Engineer,  The  Tucker  Elec- 
tric Co.,  950  Bedford  Ave.,  Brook- 
lyn, N.  Y. 

President,  Bell  Telephone  Co.,  of 
Canada.  P.  O.  Box  1918,  Montreal, 
Canada. 


May    16,  1893 

Sept.  22,  1891 
Oct.  21,  1890 
Sept.  20,  1893 
Jan.     17,  1893 

April    3,  18S8 

Jan.     17,  1893 

April  15,  1884 

Sept.  20,  1893 
Jan.    17.  1893 

Nov.     I,  1887 

Jan.  17,  1894 
Dec.    20,  1893 

June     7, 1892 

May  17,  1892 
April  15,  1890 

Dec.  20,  1893 
Oct.  21,  1S90 
April  2Z,  1 891 

April  21,  1 891 

Sept.  20,  1893 

June   17,  1890 

June     8,  X887 
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Smith,  Charles  Hrnry   Assistant  Electrician,   South   Eastern 

Tariff  Association,  Atlanta,  Ga. 

Smii'H,  Frederick  H.       Civil  Engineer,  216  Equitable  Bldg., 

Baltimore.  Md. 

Smith,  Harold  Babbitt  Professor  of   Electrical    Engineering, 

Purdue    University,    164   Columbia 
St.,  Lafayette.  Ind. 


Smith,  J.  Elliot 
Smith,  Oberlin 

Smith,  T.  Jarrard 


Superintendent  Fire  Alarm  Telegraph, 
122  W.  73d  St.,  New  York  City. 

President  and  Mechanical  Engineer, 
Ferracute  Machine  Co.,  Lockwold, 
Bridgeton,  N.  J. 

Manager  Electrical  Dept.,  The  E.  S. 
Greeley  &  Co.,  7  Dey  St.,  New 
York  Citv. 


SouzA,  Carlos  Monteiro  e  Rio  de  Janeiro,  Brazil. 
Spaulding,  Hollon  C.      P.  O.  Box  454  Exeter,  N.  H. 


Spencer,  Theodore 

Spicer,  Chas.  \V. 

Spike,  Clarence  J. 
Sprague,  Frank  J. 


Sprout,  Sidney 
Sprlson,  Wilfred  J. 


Assistant  in  Mechanical  Department, 
American  Bell  Telephone  Co.,  2 
Cragie  St.,  Cambridge,  Mass. 

Central  Power  Station,  \V.  and  G.  R. 
R.,  Washington.  D.  C. 

Halifax.  N.  S. 

{Past- President.)  Electrical  Engineer 
and  Inventor.  182  West  End  Ave., 
Vice-Prest.  Sprague  Electric  Ele- 
vator Co..  Postal  Telegraph  Kldg., 
Firm  of  Sprague,  Duncan  &  Hutch- 
inson, 15  Wall  St.,  New  York  City. 

Electrical  Department,  Midwinter  Fair, 
San  Francisco,  (3al. 

Member  of  the  firm  of  Hepburn  & 
Spru  on.  Consulting  Engineers  and 
Electricians,  169  Kmg  St  ,  Sydney, 
Australia. 


Squier,  LiKUT.  George  O.  Johns   Hopkins    University,    Balti- 

moie,  Md. 


Stadelman,  Wm.  a. 


Stahl,  Th. 
Stanley,  William 


Vice  Prest,  and  Chief  Engineer,  Equit- 
able Engineering  and  Construction 
Co.,  Drexel  Building,  Philadelphia, 
Pa 

Creusot  Works,  Creusot,  France. 
Electrician,  Pittsfield,  Mass. 


Jan.  17.  1894 
Nov.  12,  1889 

Nov.  24,  1 891 
April  15,  1884 

May  19,  1 891 

April  19,  1892 
Sept.     6,  1887 

April  21,  1 891 

Mar.    21,  1893 

Nov.   12,  1889 
Mar.    18,  1890 


May    24,  1887 
Jan.     17,  1894 


Dec.    16,  1890 
May    19,  189T 


Stevens,  W.  Le  Conte     Professor  of  Physics.  Rensselaer  Poly- 
technic Institute.  Troy,  N.  Y. 


Stockbridge,  Geo.  H. 
Stockly,  Geo.  W. 
Stone,  Charles  A. 


Patent  Attorney.  Room  114.  39  Cort- 
hndt  St  ,  New  York  City. 

President,  Brush  Electric  Co.,  Cleve- 
land, O.     Lakewood.  N.  J. 

Manager,  with  E.  S.  Webster,  Mass. 
Electrical  Engineering  Co.,  4  P.  O. 
Sq.    Boston    Slass. 


Feb.  7,  1890 
Nov.  15,  1892 

Dec.  6,  1887 

Dec.  20,  1893 
May  24,  1887 
Aprrl  15,  1884 

May    19,  1 891 
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Storrs,  Prof.  H.  A.         in  E.  24th  St.,  New  York  City.  Mar.    21,  1893 

Stratton,  Milton  G.       Assistant    Electrician.   Lawrence    Gas 

Co.,  256  Essex  St:ect,  Lawrence, 
Mass.  Sept.  20.  i89> 

Strong,  Frederick  G.     116  Bedford  St.,  Boston,  Mass.  Oct.    27,  1891 

Stump,  Clarence  E.         General    Manager,     Street     Railway 

Gazette^  26  Cortlandt  St.,  New  York 
City.  May    17,  1887 

Sturtevant,  Charles  L.  Patent    Attorney,    Atlantic    Building. 

Washington,  D.  C.  Dec.    20,  1895 

Sullivan,  M.  C.  Electrical  Engineer,  136  Liberty  St., 

New  York  City.  Dec.    16,  189a 

Summers,  Leland  L.         Assistant  Electrician,  Postal  Telegraph 

Co.,  23  Imperial  Building,  Chicago, 
111.  Feb.    16,  1892 

Sventorzetzky,  Capt.  Loudomir  Military  Engineering  Acad- 
emy, St.' Petersburg,  Russia.  Sept.  20,  1893 

Sweet,  Henry  N.  Chief    of    Patent    Bureau,    Thomson 

Electric  Welding  Co.,  4  Spruce  St  , 
Boston,  Mass.  May    20,  1890 

Sykes,  Henry  H.  Assistant  Electrician,  American  Tele- 

phone and  Telegraph  Co.,  75  Hicks 
St.,  Brooklyn.  N.  Y.  Oct.     18,  1893 

Taber,  Robert  B.  Gas  Engineer,  Special  Agent  General 

Electric  Co.,  620  Atlantic  Ave., 
Boston,  Mass.  Sept.   16,  1890 

Tapley,  Walter  H.  Electrician  in    Government    Printing 

Office,  care  of  Public  Printer,  Wash- 
ington, D.  C.  Oct.    25,  1892 

Temple.  William  Chase  Mechanical  and  Electrical   Engineer, 

Lewis  Block,  P.  O.  Box  800,  Pitts- 
burg, Pa.  May      3,  1887 

Tesla,  Nikola  {Vice-President.)    Eleclrical  Engineer 

and  Inventor,  35  So.  5th  Ave  ,  and 
The  Gerlach,  55  W.  27th  St.,  New 
York  City.  June     5,  1888 

Thompson,  William  Geo.  MacNeill  Resident  Engineer,  Sault 

Ste.  Marie  Canal,  St.  Catherines, 
Ont.  July     12,  1887 

Tischendoerfkr,  Fred  W.  Electrical  Engineer,  77  Centre  St., 

Lynn,  Mass.  April  19,  1892 

ToBEY,  William  Koardman  The  Stanley  Laboratory  Co.,  Pitts- 
field,  Mass  Sept.   16,  1890 

TowNSEND,  Henry  C.       Attorney    and    Expert    in    Electrical 

Cases,  5  Beckman  St. ,  New  York 
City.  July     10,  1888 

Tregoning,  John  32  Belmont  Ave.,  Providence,  R.  L        April     2,  1889 

Trott,  a    H.  Hardy        Electrical  Expert,  with  General  Elec- 

[Life  Member.]  trie  Co.,  Lynn,  Mass.  Jan.     20,  1891 

TuTTLE,  George  W,  Storekeeper,  Sawyer-Man  Electric  Co., 

510  W.  23d  St.,  New  York  City.  Mar.    17,  1891 

l/EHLJNG,  T.  A.  \^Addtess  \xtvkuowrv.1  May    19.  1891 
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Uhlenhaut,  Fritz,  Jr.    Philadelphia  Traction  Co.,  4101  Havttr- 

ford  St.,  Philadelphia,  Pa. 

Vail,  Theo.  N.  18  Cortlandt  St.,  New  York  City. 

Van  Brunt,  Walter        Manager,     Duluth    Telephone     Co., 

Duluth,  Minn. 

Van  Buren.  Gurdon  C.    Electrician,    5     Wilson    St.,   Albany, 

N.  Y. 

Vance,  A.  St.  Clair         General  Superintendent,  The  H.  Ward 

Leonard  Co.,  136  Liberty  .St.    New 
York  City. 

Vandergrift,  James  A.    Care  of    Westinghouse   Electric  and 

Mfg.  Co.,  Robinson  St.,  Allegheny 
City,  Pa. 

Van  Trump,  C.  Reginald  Engineer  and  Manager,  Wilmington, 

City  Electric  Co  ,  Wilmington,  Del. 

Van  Valkenburgh.  V.  S.  9x4  Fifth  St..  Seattle.  Wash. 


Van  Vleck,  Frank 


President.  Van  Vleck  Tramway  Co., 
Wells  cargo  Hldg.,  Los  Angeles, 
Cal. 


Van  Wyck,  Philip,  V   R..  Jr.  127  W.  sSih  St.,  New  York  City. 

Varley,  Richard,  Jr.       General      Manager,     Varlcy     Duplex 

Magnet  Co.,  62  Cortlandt  St.,  New 
York  City. 

Verley,  Horace  S.  L.  With  Dr.  Wm.  E.  Geyer,  as  Labora- 
tory Assistant.  Stevens  Institute, 
Iloboken,  N.  J. 


Wacker,  George  G. 
Wait,  Henry  H. 

Wallace,  Geo.  S. 

Wallace,  William 
Walter,  Henry  E. 


Electric  Organs,  3644  Third  Ave., 
New  York  City. 

Assistant  Electrical  Engineer,  West- 
ern Electric  Co.,  4919  Madison 
Ave.,  Chicaj^o.  111. 

Telegraph  Office  Manager,  Chesapeake 
&  Ohio  Ry.  Co.,  Box  214,  Hunting- 
ton, W.  Va. 

{Vice-Presidcttt,)  Wire  Manufacturer, 
Ansonia,  Conn. 


3  Princes  Mansions,  Victoria  St.,  Lon- 
don, Eng. 

Wardell,  George  P.        2054  Madison  Ave  ,  New  York  City. 

Wardlaw,  George  A.       Assistant    Engineer,    People  s    Light 

and    Power  Co.,    Doolittle   House, 
Oswego,  N    \*. 

Waring,  Richard  S.         Standard  Underground  Cable  Co.,  61 

Westinghouse  BWlg.,  Pittsburg,  Pa. 


Waring,  John 
Warner,  Chas.  H. 
Warner,  Ernest  P. 


Waring  Electric  Co.,  Manchester, 
Conn. 

Consulting  Electrical  Engineer,  50 
Broadway,  New  York  City. 

Electrical  Engineer,  Western  Electric 
Co.,  227  So.  Clinton  St.,  Chicago, 
111. 


May  7,  1889 
April  15,  1884 

Sept.     6,  1887 

Oct.  25,  1892 

April     2,  1889 

Nov.  24,  1 891 

Feb.  5,  1886 

June  5,  1886 

Nov.  16,  1886 

April  21,  1 891 

Mar.  18.  1890 

May  17,  1892 

Sept.  6,  1887 

Sept.  20,  189^ 

Oct.  25,  1892 

April  15,  1884 

April  2,  188^ 

Nov.  12,  1889 

Jan.  17,  1894 

April  15,  1884 

Dec.  16,  1890 

Dec.  20,  1893 

Sept.  20,  1895 
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Wason,  Chas.  W. 


Wason,  Leonard  C. 


Klectrical  Engineer,  East  Cleveland 
R.R.  Co.,  1762  Euclid  Ave.,  Cleve- 
land, O. 

Head  Draughtsman  with  F.  S.  Pear- 
son, 199  Harvard  St.,  Brookline, 
Mass. 


Watkrhouse  Frank  G.    Room  6,  No.  302  Asylum  St.,  Hart- 
ford, Conn. 


Waterman,  F.  N. 

Waters,  Edward  G. 

Watson,  Robert 
Watts,  H.  Franklin 

Wayland-Smith,  F. 
Weaver,  Norman  R. 


Electrical  Engineer,  Westinghouse 
Elect! ic  and  Mfg.  Co.,  120  Broad- 
way, New  York  City. 

Electrical  Engineer,  Pennsylvania 
General  Electric  Co.,  425  Wood 
St.,  Pittsburg,  Pa. 

931  F.  St.,  N.  W.,  Washington,  D.  C. 

Electrical  Engineer.  121  Liberty  St., 
New  York  City, 

Resident  Agent,  Syracuse  Steel  Foun- 
dr)'  Co.,  26  Cortlandt  St.,  New  York 
City. 

Galveston  City  R.R.  Co.,  Galveston, 
Texas. 


Webster,  Dr.  Arthur  G.  Docent  in  Physics,  Clark  University, 

Worcester,  Mass. 


Webster,  Edwin  S. 
West,  Julius  Henrik 
Welles.  Francis  R. 


Mass.    Electric    Engineering    Co.,    4 
P.  O.  Sq..  Boston,  Mass. 

Engineer.  Handjery  St.,  58  Friedenau, 
Berlin,  Germany. 

Manufacturer,  Hell    Telephone  Manu- 
facturing Co.,  Antwerp,  Belgium. 


White.  Gko.  Montagu-   Agent    for    West    Indies    Thomson- 

llouston  International   Electric  Co., 
Kingston,  Jamaica,  W.  I. 


White.  H.  C. 
White,  J.  G. 

White,  Win  F. 
Wmitmorf.  W.  G. 


Whivney.  Henry  M. 

[I  itV  Member.] 


Manager.  Fhi^nix  Iron  Works  Co., 
15  Cortlandt  St..  New  York  Cit}-. 

J.  G.  While  &  Co.,  Electrical  Engi- 
neers and  Contractors.  29  Broadway, 
New  York  City. 

Electrical  Engineer.  309  So.  13th  St., 
Omaha,  Neb. 

Electrical  Engineer.  General  Electric 
Co..  Edison  Building.  Box  3067. 
New  York  City. 

Si  Milk  St  .  Boston.  Mass. 


Whittemorf.  Charles  F.  Secretary  and  General    Supl.    Da^s 

Electrical    Woiks,    Chicopc«    Falls, 
Mass. 


WiFNEK.  AlFKKP  E. 


Electrical  and  Mechanical  Engine^*^' 
General  Electric  Co..  24  Vates  St., 
Schenectady.  N.  Y. 


May     19,  1 891 

Dec.    20,  1893 
Sept.     6.  1887 

Feb.    21,  1893 

Mar.    18,  1890 
Oct.    21,  1890 

May    20,  1890 

June  6,  1893 

Oct.  25,  1892 

Jan.  19,  1892 

April  21,  1891 

Sept.  20,  1893 

Sept.     6,  18S7 

Sept.  22,  1891 
April   15,  i334 

April     2.  15S9 
Feb.      7.  1890 

Mar.    1 3.  1S90 
July     II.  iSSr 

Sept.  20,  1S93 
May    16  .1*95 
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WiGHTMAN,  Merle  J. 


Wiley,  Wm.  H. 


Vice-President  and  Electrician.  The 
Wigbtman  Elec.  Mfg.  Co.,  4  Com- 
monwealth Bldg.,  Scranton,  Pa. 

Scientific  Expert,  53  E.  loth  St.,  New 
York  City. 


Williams,  Arthur  S.       [Address  unknown.] 

Williams,  Charles  Jr.     Electrician,  100  Sudbury  St.,  Boston, 

'Mass. 


Williams,  Frank  A. 


Safety  Insulated  Wire  and  Cable  Co., 
25  Washington  Ave.,  Newark,  N.  J. 


Williamson,  G.  DEWnrDobbs  Ferry,  N.  V. 


Mar.     5,  1889 

Feb.     7.  1888 
Nov.  24.  189X 

April  15,  1884 

Dec.    20,  1893 
April  18,  1893 


WiNSLOW,  I.  E. 


WiNTRINGHAM,  J.  P. 

Wirt,  Charles 
Wirt,  Herbert  C. 

WoLVERTON,  B.  C. 

Wood,  E.  J. 
Woodruff,  H.  O. 


Thomson- Houston  International  Elec- 
tric Co.,  27  Rue  de  Londres,  Paris. 
France.  Address,  457  Produce  Ex- 
change, New  York  City. 

Theorist,  36  Pine  St  ,  New  York  City, 
and  153  Henry  St.,  Brooklyn,  N.Y. 

{Afanager.)  Consulting  Engineer  and 
Proprietor,  The  Wirt  Laboratory,  56 
Fifth  Ave.,  Chicago,  111, 

Electrician,  General  Electric  Co.,  Bos- 
ton, 12  Millmount  St.,  Koxbury, 
M  ass. 

Electrician,  N.  Y.  &  Pa  Telephone 
and  Telegraph  Co.,  Elmira,  N.  Y. 

Consulting  Engineer  and  Contractor, 
243  Broadway,  New  York  City. 

Manager,  Sioux  City  Electric  Co., 
Sioux  City,  la. 


Woodward,  Francke  L.  Undergraduate  in  Electrical  Engineer- 
ing, Harvard  University,  13  Kirk- 
land  PI.,  Cambridge,  Mass. 


Nov.    12,  1889 
May      7,  1889 

Sept.     8,  1888 

June  26,  1 891 

Mar.  18,  1890 

July  12,  1887 

Oct.  2,  1888 

June  26,  1891 


WooLF.  Albert  E. 


WORSWICK,  A.  E. 

Wrav,  J.  Glen 

Wright,  John  D. 
Wright,  Peter 

Yarnall,  V.  H. 

Zalinski,  Edmund  L. 


Electrician  and  Inventor,  Woolf  Elec- 
trical Co.,  104  Washington  St..  and 
864  Lexington  Ave.,  New  York 
City. 

Electrical  Engineer,  Mutual  Light  and 
Power  Co  ,  Montgomery,  Ala. 

Cable  Tester,  Chicago  Telephone  Co., 
104  Linn  St..  Janesville,  Wis. 

[Address  unknown.] 

Inspector  of  Electrical  Works,  United 
Gas  Improvement  Go.,  Drexel  Bldg, 
Philadelphia,  Pa. 

Superintendent  of  Construction,  J.  G. 
White  Co.,  29  Broadway,  New  York 
City. 

Captain  of  Artillery,  U.  S.  A.,  care 
War  Dept.,  Washington,  D.  C. 


Sept.  16,  1890 

Sept.  20,  1893 

Sept  20,  1893 

Oct.  21,  1890 

May  16,  1889 

May  16,  1893 

May  17,  1887 
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Zimmerman,  Laurence).  Electrical    Enj^oeer    and     Inventor, 

604  W.  46th  St..  New  York  City.  Mar.    21,  1893 

Associate  Members,  •        -        543. 


OFFICIAL  STENOGRAPHER 
Ryan,  Richard  W.,  300  Mulberry  St.,  New  York  City. 


SUMMARY. 

Honorary  Members, 2 

Members,     -         --------  223 

Associate  Members, 543 

Total        .        .        -        .  76S 


GEOGRAPHICAL  DISTRIBUTION. 

{Revised  to  February  ist,  iS^.) 

NORTH    AMERICA. 


UNITED  STATES. 


ALABAMA. 


BirmiDghaiD. 

Carrol],  I^eigh 


Gross,  S.  Rues 

Hontgomerr. 


CALIFORNIA. 
Berkeley. 
Cory,  Prof.  Clarence  L. 
Lindner,  ^has.  T., 

Dwigbt  Way  and  Tel  Ave. 


Oakluid 
C1«in«nt,  Lewis  M..  1013  Central  Ave. 
Colvilie,  Frank  C,   1:03  Seventh  Ave. 


Foote,  C.  W. 

Sui  Fronciaco. 
Batbour,  Fred.  F..  is  First  St. 
Cartwright.  Fred'k  G. .  41  Stevenson  St. 
Gale.  Horace  B.,  40  Calirurnia  St. 
Hancock.  L.  M..  saj  Fair  Oaks  St. 
Hasson.  W.  V.  C,   104  Sutter  St. 
Low,  George  P.,    303  California  St. 
Mayrr,  Geo.  M.,  411^  California  Si. 
Mereditli,  W'ynn.  Midwinter  Fair. 


Sui  Fruicisco. — Continued. 
Molera.  K.  J..  40  California  St. 
Sprout,  Sidney.  Midwinter  Fair. 


COLORADO. 
Canon  Citj. 
Slater,  H.  B 

Searing,  L.     514  Mining  Exchange. 

Monte  Vista. 
Kayoiond,  Clias.  \V. 


CONNECTICUT. 
Anionia. 


Briilceport. 
Bryant.  Waldo  C. 

Enti,  Justus  B. 
Waddell.   Monleomery 
Waldo,  Dr.  I.eon:itd 

Deep  River, 

Selden.  R.  L..  Jr. 

Hartford. 
Dunston.  Robert  Edward 

RoomSb    Foster  Block. 
Robb,  Prof.  Wm.  Lispenard 

Trinity  College. 
Walerhouse.  Frank  G, 

Room  6,  No,  30a  Asylum  St. 
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Manchester. 

Powell,  William  H. 
Waring,  John 

2 

Middletown. 

Knowles,  E.  R. 

I 

New  Haven. 

Daniell, Francis  G.,  Exchange  Building, 
Rogers,  Edward  H. 

3 
Noroton. 

Delafield.  A.  Floyd 

I 

Windsor. 

Corson,  William  R.  C. 
Heath.  Harry  E. 
Rodgers,  Howard  S. 

3 
Wilton.    , 

Winchester,  A.  E. 


DELAWARE. 

Wilmington, 

Van  Trump,  C.  Reginald 


Wilmington  City  Electric  Co. 
Hall,  John  L.  300  Market  Street. 

2 


DISTRICT  OF  COLUMBIA. 

Washingrton. 

Berliner,  Emile,  Columbia  Road,  be- 
tween Fourteenth  and  Fifteenth  Sts. 
Bliss,  \Vm.  J.  A.,  820  Connecticut  Ave. 
Crandall,  J.  E..  619  14th  St.,  N.  W. 
Chamberlain,  F.  H.,  2411  P  St.,N.  W. 
Dodge,  Prof.  O.  G. ,  Care  of  Navy  Dep't. 
Freeman.  Dr.  Frank  L.,  931  F  St. 

iames,  John  N.,  Naval  Observatory 
annus,  Frankland,     928-30  F.  St. 
Mauro.  Philip,   620  F.  St. 
Maynard,  G.  C,  1409  New  York. Ave. 
Parks.  C.   Wellman,    U.    S.    Board   of 

Education. 
Royce.Fred  W.,  1410  PennsylvaniaAve. 
Spicer,  C.  W.,     Cent.    Power   Station, 

W  &  G.  R.  R. 
Sturtevant,    Charles  I..,  Atlantic  Bldg. 
Tapley.  W.  H.,  Gov.  Printing  Office. 
Watson,  Robert,  931  F.  St. 
Zalinski,    Edmund  L.,    Care    of   War 


Takoma  Park. 
Foote,  Allen   R. 


Dept. 


11 


FLORIDA. 

Jacksonville. 

Hammatt,  C.  S.  Hubbard  Bldg.  i 


GEORGIA. 

Atlanta. 

Schoen.  A.  M.,  Box  770. 
Smith,    C.    H.,    South    East'n   Tariff 
Ass'n. 

2 
Augusta. 

Edwards,  Jas   P.,  1569  Walton  Way. 

I 
Savannah. 

Nunn,  Richard  J.,/V.Z?  ,  119*  York  St. 


ILLINOIS. 

Alton. 

Roper,  D.  W.,  414  Langdon  St. 

I 
Champaign. 

Shea,  Danl.  W. 

I 
Chicago. 

Abbott,  Arthur  V.,  203  Washington  St. 
Albright,  H.  F.,  227  S.  Clinton  St. 
Armstrong,  Chas.  G. 

1400  Auditorium  Tower. 
Arnold  Bion  J..  1428  Prairie  Ave. 
Barton,  Enos  M.  227  South  Clinton  St. 
Bauer,  A.  H  ,  310  Pullman  Building, 
^ogfi^s,  Lemuel  S.,  3012  Groveland  Ave. 
Brown,  C.  A.,  1430  Monadnock  Bldg. 
Caldwell.  Edward,    1432-3  Monadnock 

Bldg. 
Comstock,  L.  K  ,    Monadnock  Bldg. 
Crandall.  Chester  D..     4438  Ellis  Ave. 
Gushing.  F.  W..  1106  The  Rookery. 
Cutter,  George,  851  The  Rookery. 
DeLand,  Fred.,  565  The  Rookery. 
Gutmann,  L.,  Care  of    Street  Railway 

Review, 
Haskins,  Clark  C.  582  W.  Congress  St. 
Hibbard,  Angus  S.  203  Washington  St. 
Keller,  E.  E.,  5506  Monroe  Ave. 
Kreidler,  W.  A.,  6  Lakeside  Building. 
Insull,  Samuel,  The  Rookery. 
Izard,  E.  M.,  61  Clark  St. 
Lenr,  Charles  Otto,  2025  Wabash  Ave. 
MacFadden,  Carl  K.,  57  Michigan  Ave. 
Norton,  E.  F.,     15  City  Hall. 
Tierce,  Richard  H.,  5434  Monroe  Ave. 
,    Kay,  William  D.,  124  .Sccley  Ave. 
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Rodman.  Samuel,  Jr.,     17  Quincy  St. 
Sage,  Henry  J..  227  S.  Clinton  St. 
Summers,  Leland  L..    23  Imperial  Bldg. 
Wait,  Henry  H.,  4919  Madison  Ave. 
Warner,  E.  P..  227  So.  Clinton  St. 
Wilson,  Charles  H..     Times  Building. 
Wirt,  Charles,  56  Fifth  Ave. 

33 
Englewood. 

Badt,  Lieut.  Francis  H. 

6506  Lafayette  Ave. 

I 

Highland  Park. 

Gray,  Dr.  Elisha 

I 

Oak  Park. 

Bentley,  M.  H..  221  Scoville  Ave. 

Nutting,  S.  E.,  241  So.  Scoville  Ave 

2 

Rock  Island. 

MacMuUan,     R.    H.,     Brush   Electric 
Light  Co. 

I 


INDIANA. 
Argos. 
Flegel,  G.  C. 

I 
Fort  Wayne. 
Barnes,  Edw.  A., 

Fort  Wayne  Electric  Co. 
Hunting,  Fred  S.. 

330  West  Washington  St. , 

2 
Indianapolis. 

Bottome,  Turner  D. 

I 
Lafayette. 

Flather, Prof .  J.  J.,  Purdue  University. 
Smith,  Prof.  H.  B.,  164  Columbia  St. 

2 
Notre  Dame. 

O'Dea,  M.,     University  of  Notre  Dame. 

I 


IOWA. 

Sioux  City. 
Woodruff.    H.    O. 

Sioux  City   Electric  Co. 


LOUISIANA. 

New  Orleans. 

Ayres,  Brown,     Tulane  University. 
Minis,  John,     i  Prytania  St. 


MAINE. 
Lewiston. 

Robinson,  Almon,  P.  O.  Box,  943. 


MARYLAND. 
Baltimore. 

Alexander,  P.  IL,     Hoen  Building. 
Duncan,  Dr.  Louis 

Johns  Hopkins  University, 
Hall,  Clayton  C,  810  Park  Ave, 
Hering,  Hermann  S. 

lohns  Hopkins  University. 
Keilholtz.P.O..  U.  S.  Elec.   Power^A 

Light  Co. 
Liebig,   Gustav  A.,   Jr.,  J 

Johns  Hopkins  University. 
McCay,  H.  K.,  106  E.  German  St. 
McCrosky,   Jas.    W.,     1104  McCuIloh 

St. 
Morrison,  J.  Frank,     15  South  St., 
Peirce,  Wm.  H.,     Keyser  Building. 
Reber,  Lieut.  Samuel, 

Johns  Hopkins  University. 
Ries,  E.  E.,  430  So.  Broadway. 
Smith,    F.    IL,      216  Equitable  Bldg.  j 
Squier,  Lieut.  Geo.  O., 

Johns  Hopkins  University. 
Young,   C.    G.,     1425  Maryland  Ave. 

Chestertown. 

Humphreys,  Prof.  W.  J. 

1 
Fort  McHenry. 

Parkhurst,  Lieut.  C.  D. 

I 
Greensborough. 

Goldsborough,  W.  E. 

I 


MASSACHUSETTS. 

Adams. 

Magenis,  James  P. 

I 
Aubumdale. 

Blake,  Francis 

z 
Boston. 

Bell,  Dr.  Louis,    55  Exeter  Chambers, 

Exeter  St. 
Blodgett.  Geo.  W.,     B.  &  A.  R.  R. 
Bubert,  J.  F.,    116  Bedford  St. 
Burleigh,  Chas  B.,     620  Atlantic  Ave. 
Burton,  Geo.  I)..     194  Washington  St. 
Clafiin,  Adams  D.,     116  Bedford  St. 
Coffin,  Chas.  A..     620  Atlantic  Ave. 
Cowles,  Joseph  W. ,    620  Atlantic  Ave. 
Craig,  J.  Hally,   69  Broad  St. 
Craig  in.  Henry  A..  15  Charles  St. 
Cross,  Prof .  Chas.  R. ,     Mass.  Institute 

of  Technology. 
Curtiss,  George  F.,     180  Summer  St. 
Davenport.  Geo.  W.,  61  Ames  Bldg. 
Doolittlc,  Thos.  B..  125  Milk  St. 
Eustis, Herbert  H.,     61  Hampshire  St. 
Famham,  I.  H.,     125  Milk  Street. 
Ford,  Wm.  S.,     Room  73,  125  Milk  St. 


710 


Mds9achu9etU,  Miehigaa, 


Boston. — Continued. 

Hart,  Francis  R.,     4  P.  O.  Square. 
Hayes,  Hammond  V.,  42  Famsworth  St. 
Herrick,  Charles  H..    196  Summer  St. 
Hudson   John  E.,  125  Milk  St. 
Lockwood, Thomas  D.,  F.  O.Drawer2. 
Mansfield.Geo.W.,     620  Atlantic  Ave. 
Morss,  Everett,     297  Beacon  St. 
Mosscrop,  Wm  A.,     128  Oliver  St. 
Paine,  F.  B.  H.,  620  Atlantic  Ave. 
Paine,  Sidney  B.,     180  Summer  St. 
Parcellc.  Albert  L..     157  WashingtonSt. 
Pearson,  F.  S.,     95  Milk  St. 
Pufifer,  Wm.  L.,  Mass.  Inst,   of  Tech- 
nology. 
Robb,  Russell.  4  P.  O.  Square. 
Sawyer,  Frederick).,     381  Boylston  St. 
Stone,  Charles  A.,     4  P.  O.  Square. 
Strong,  F.  G.,  116  Bedford  St. 
Sweet,  Henry  N.,     4  Spruce  St. 
Taber,  Robert  B. ,     620  Atlantic  Ave. 
Webster,  Edwin  S.,     4  P.  O.  Square. 
Whitney,  Henry  M.,     81  Milk  St. 
Williams,  Chas.  Jr..     100  Sudbury  St. 

39 
Brookline. 

Bliss,  D.  M. 

I  Davis  Court,  Washington  St. 
Lee,  J.  C,  Mountfort  St.  Longw^ood. 
Wason,  L.  C,   199  Harvard  St. 

3 
Cambridge. 

Adams.  C.  A.  Jr.,  21  Stoughton  Hall. 
Hall,  Prof.  Edwin  H.,     Gorham  St. 
Spencer,  Theodore,     2  (Taigie  St. 
Woodward,  F.  L.,     13  Kirkland  Place. 

4 
Cambridgeport. 

Berthold,  Victor  M.,     16  Upton  St. 

Chicopee  Falls. 

Whittemore,  Chas.  F. 

I 
Fall  River. 
Beattie,  John,  Jr. 

I 
Holyoke. 

Newell,  Arthur  J.,     366  High  St. 

I 

Jamaica  Plain 

Brophy,  William,  17  Egleston  St., 

I 

Lawrence. 

Humphreys,  C.  J.  K. 
Stratton,  M.  ('...  256  E.'^scx  St, 

Lynn. 

Cahoon   Jas.  B.,     68  Baker  St. 
Ekstrom,  Axel,     92  Hamilton  Ave. 
Everest,     A.    R..     Thomson     Electric 
Welding  Co. 
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Fish,  Walter  C.     Gen.  Elec.  Co. 

Fiske.  J.  P.  B.,  General  Electric  Co. 

Hewlett,  Edward  M.,    128  Johnson  St. 

Land.  Frank,     69  Park  St. 

Lemp,  H.  Jr.,  Thomson  Electric  Weld- 
ing Co. 

Parshall,  H.  F. 

Reid.  Thorburn.  24  Chase  St. 

Sheble,  Franklin.    General  Electric  Co. 

Tischendoerfer,  F.  W.,  77  Center  St 

Thomson.  Prof.  Elihu.  General  Electric 
Co. 

Trott,  A.  H.  H.,     General  Electric  Co. 

Marlboro. 

Bottomley.   Harry. 
deKhotinsky,  Capt.  Achilles. 

2 

Pittsfield. 

French,  E.  L. 
Stanley,  William, 
Tobey,  W.  B. 

3 
Roxbury. 

Wirt,  Herbert  C,    12  Millmont  5t. 

I 

Springfield. 

Barrett.  John  A.,  Elektron  Mfg.  Co. 
Hyde.  Jerome  W.  . 

Taintor,  G.,  New  England  T.&T.  Co. 

3 
Stockbridge. 

Field,  Stephen  D. 

I 

Worcester. 

Adams,  A.  D. 

Kimball,  Prof.  A.  S.,     Polytechnic  In- 
stitute. 
Webster,  Dr.  A.  G.,     Clark  University. 

3 


MICHIGAN. 

Calumet. 
Bosson,  Fred.  N. 

I 
Detroit. 

Blades,    Harry  H.,  1343-55  Cass    Ave. 
Dow,  Alex.,  511  Hammond  Hldg. 
Fisher,  George  E.,   55-57  Gratiot    Ave. 
Kinney,  H.  A.,  634  \V.  Warren  Ave. 
Rae,  Frank  B..     49  Wilcox  St. 
Smith.  l(s.^c  M.,      ^6  Moffalt  Block. 
Wilkes.  '1.,  149  liriswokl  St 

7 
Ishpeming. 

Mills,  Frank  P. 
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MINNESOTA. 
Duluth. 
Van  Brunt,  W.,   Dululh  Telephoi 


rCo. 


Minneapolis. 

Brooks,  Morgan,  249Second  Ave,,  So. 
Gerry,  M.  H,.   jr.   3333  Cedar  Ave. 
Shepardson,  Krof.  G.  U.,  University  o( 
Minnesota. 

3 
St.  Paul. 
Byllesby.  Henry  M.,    403  Sibley  Si. 
Steams,  Charles  K.,     403  Sibley  St. 


MISSOURI. 

Columbia. 

Sbrader.  Prof.  Wm.  1 

KuiMU  Citj. 
Blood,  W.  H.,  Jr.     535  Delaware  St. 
Weeks,  E.  R.,     National  Bank  of  Kan- 
sas Cily  Building. 


St.  Lonis. 
Ayer,  James  I.,  511  No.  4th  St. 
Durant.  Geo.  F.,  511  No.  4th  St. 
Randall.  J.  E..  191a  Olive  St. 
Schlosset,  K.  G.,  1038  Lefling well  Ave 


Mc 


MONTANA. 
Great  Fall*. 

row.  John  T. 


Portimouth. 
Flanagan.  Thos.  F. 


NEW  JERSEY. 

Bayonne  City. 

Fleming.  Wilfrid  H.,  Trask  Avenue. 


Camden 
.  Walter  E.,  307  Market  St. 


Elizabeth 

I    Diehl,  Philip.  508  Morris  Ave 

I  Harrison. 

Flack,  J.  Day 
'    Howell.  John  W. 
I    Howell.  vVilson  S. 

Jackson,  Francis  E. 
I    Marshall,  J.  T. 

Page.  A.  iJ. 

Parsell.  H.  V,,  Jr. 


NEBRASKA. 
Lincoln. 
Owers,  Prof.  R.  B. 
Shepard,  Wm.  E, 

Chubbuck.   H.   E.,    The  Omaha  Gen- 
eral Electric  Co. 
White,  Will  F.,  3012  .Sherman  Ave. 

NEVADA. 
Virginia  City. 

Ficl.liii;;.  1-tank  V-.  I 

NEW  HAMPSHIRE. 

Exeter. 
Spaulding,    llollon  C,  P.  O.  Box  4S4. 


Bate 


Hoboken 

1,  J.  H..  3ii  Hudson  St. 


E.  Johannes  H.,  325  Hudson  St. 
IJentoD   I'rol   J   E.,  Stevens  Institute. 
Geyer   Dr   Win.  ¥...  Stevens  Institute. 
Morton  Dt   H.,  Stevens  Institute. 
Mustin.  H.  S.,  Police  Headquarters. 
Verley,  Horace  S.  L.,  Stevens  Institute. 
7 
Jersey  City 
Curtis,  Chas.  G.,  Pacific  Ave. 
Dobbie.  R.  S  .  1014  Bergen  Ave. 
Moltram.   W.   T.    M,,   Care  of  Curtil 

Electric  Mfg.  Co. 
Ockershauscn.  II.  A.,  65  Madison  Ave. 

Lake  wood. 


Maywood. 
Jaeger,  Chas.  I,. 
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Newark. 

Anthony,  Watson  G.,  32^  Webster  St. 

Bosch,  Adam.  Fire  Alarm  Telegraph. 

Colby,  Edward  A.,  Lock  Box  313. 

Doane,  S.  Everett,  68  Park  Place. 

Heinrich,  Richard  O.,  114  William  St. 

Lange,  Philip  A.,Westinghouse   Elec- 
tric and  M*f  g  Co. 

Lieb,  J.  W.  Jr.,  22  Chestnut  St. 

Martin,  J.,  16  Oak  St. 

Osborne,  L.  A.,  29  Plane  St. 

Saxelby,  Frederick,  288  Summer  Ave. 

Weston,  Edward,  114  William  St. 

Williams,  Frank  A.,     25   Washington 
Ave. 

12 

Orange . 

Atwood,  George  F. 
Edison,  Thomas  A. 
Kennelly,  A.  E. 
Upton,  F.  R.  107  Day  St. 


Passaic. 

Alden,  James  S.,  486  River  Drive. 
Mott,  S.  D. 


Plainfield. 

Kinsman,  Frank  E. 
McClurg,  W.  A.,  25  Madison  Ave. 
Miner,  Willard  M.,  339  East  Second  St. 

3 

Princeton. 

Brackett,  Prof.  Cyrus  F. 
Elmer,  William,  Jr. 


Rutherford. 

Buys,  Albert 
Petty,  Walter  M. 

Trenton. 

Roebling,  Ferdinand  W. 

Hewitt,  Chas.,  107  Greenwood  Ave. 

South  Orange. 

Delany,  Patrick  B. 

Vineland. 
Anthony,  Prof.  Wm.  A. 

West   Hoboken. 

Reckenzaun,  F.,  58  Demott  St. 


NEW  YORK. 

Albany. 

McElroy,  James  F.,  131  Lake  Ave., 
Miller,  Wm.  C,  3  South  Hawk  St., 
Van  Buren,  Gurdon  C,  5  Wilson  St. 

3 

Auburn. 

Case,  Willard  E..  6  Fort  St. 

I 

Belmont. 

Gorton,  Charles. 

I 

Buffalo. 

Gifford.  C.  E.,  878  Prospect  Ave. 
Little,  Franklin  P.,  141  E.  Seneca  St., 
Perkins,  Frank  C,  629  Prospect  Ave., 

3 
Brooklyn. 

Broich.  Jos.,  448  8th  Ave., 
Burnett.  Douglass,  42  Livingston  St., 
Caldwell,  Fordyce  S.,  151  Henry  St., 
Chinnock,  C.  E.,  137  Sixth  Ave., 
Corey,  Fred.  B.,  442  Henry  St.   . 
Cothren,  Wm.  H.,  173  So.  Oxford  St., 
Deming,  Edward,  522  Hancock  St., 
Etheridge,  E.  L,  66  No.  Oxford  St. 
Hochhausen.  Wm.,  196  Willoughby  St., 
Kirkegaard,  J.  Georg,  329  Union  St. 
Lawton,  W.  C,  808  Greene  Ave. 
Mc Bride.  James,  146  Kent  St., 
Mason,  James  H.,  1391  Fulton  St.  * 
McCarthy,  L.  A.,  1053  Bedford  Ave, 
Parker,  Herschel  C.,21  Fort  Green  PI., 
Paul.  Chas.  M.,  172  Remsen  St  , 
Peck,  E.  F..  Cor.  Rockwell  PI.   and  De 

Kalb  Ave., 
Perry.  N.  W.,  18  Sidney  Place. 
Pfund,  Richard,  153  Broadway, 
Reilly.  John  C,  16  Smith  St.. 
Reinmann,  A.  L.,  45  Linden  St., 
Sargent,  W.  D.,  16  Smith  St.. 
Schulze-Berge,  F.,  44  Monroe  Place. 
See.  A.  B.,  966^  Bergen  St. 
Sheldon,  Dr.  Samuel,  170  State  St.. 
Sinclair,  H.  A.,  950  Bedford  Ave., 
Sykes,  Henry  H.,  75  Hicks  St. 

27 
Dobbs  Ferry. 

Williamson,  G.  DeWitt 

I 
Elmira. 

Wolverton.  B.  C,  N.  Y.  &  Pa.  T.  & 

T.  Co., 
Cheney,  F.  A.,  Elmira  IH'g  Co. 

2 
Greenbush. 

Frey,  Charles  P. 
Pratt  Robert  J. 
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Ithaca. 

Bedell,  Fred.  Dr..  117  E.  Buffalo  St. 
Berg^holtz,  H.,  Ithaca  Street  Ry.  Co. 
Frost,  Francis  R. 

Matthews,  Chas.  P.,  211  E.  State  St. 
Merritt.Prof.  Ernest, Cornell  University. 
Nichols,  Dr.  E.  L.,  Cornell  University. 
Ryan,  Prof.  H.  J.,  Cornell  University 

7 


Kingston. 

Desmond,  Jere.  A.,  Electric  Light  and 
Power  Co. 

I 


New  York  City. 

Alexander,  Harry,  126  Liberty  St. 
Almon,  G.  H.,  136  Liberty  St. 
Auerbacher,  L.  J.,  7  Dey  St 
Barberie,  E.  T.,  395  St.  Nicholas  Ave. 
Baillard.  E.  V.,  363  Manhattan  Ave. 
Bartlett,  Edw.  E.,  23  Rose  St. 
Barrett,  John  A.,  89  Liberty  St. 
Batchelor,  C,  33  West  Twenty-fifth  St. 
Bates,  F.  C. ,  50  Broadway. 
Baylis,  R.  N.,  81  Fulton  St. 
Benjamin.  Park.  203  Broadway. 
Bennett,  J.  C,  44  Broad  St. 
Bethell,  U.  N..  18  Cortlandt  St.] 
Binney,  Harold,  38  Park  Row. 
Birdsall.  E.  T.,  18  Broadway. 
Bishop,  James  D  ,  234  W.  29th  St. 
Blake.  Henry  W..  26  Cortlandt  St 
Bogart,  A.  Livingston,  22    Union  Sq. 
Bogue,  Chas.  J.,  206  Center  St. 
Bohm,  Ludwig  K...  81  Nassau  St. 
Boughan,  Edward  L  ,  153  Cedar  St. 
Bourne,  Frank,  143  Liberty  St. 
Brixey,  W.  R.,  203  Broadway. 
Broadnox.  Francis,  50  Broadway. 
Brown,  Alex.  S.,  100  W.  73d  St. 
Brown,  Alfred  S  ,  195  Broadway. 
Brown,  J.  Stanford,  126  Liberty  St. 
Buckingham,  Chas.  L.,  195  Broadway. 
Bunce,  Theo.  D. ,  Jr.,  23d  St.  &  ist  Ave. 
Carson.  David  I.,  18  Cortlandt  St. 
Carty.  J.  J.,  cor.  Spring  &  Wooster  Sts. 
Chamberlain.  J.  C,  135   K.  i8th  St. 
Chandler,  Prof.  C.  F.,  Columbia   Coll. 
Clark.  Ernest  P.,  192  Broadway. 
(Clarke,  Charles  L.,  55  Liberty  St. 
Colgate,  Geo.  L..  136  Liberty  St. 
Compton,   A.   G.,    17   Lexington  Ave. 
Crane.  W.  F.  D.    87  Maiden  Lane, 
(^rocker,    Francis  B.,  26  W.  22nd  St. 
Crosby,  O.  T..  44  Broad  St. 
Cushman,  Holbrook,  337  West  22d  St. 
Cuttriss,  Chas.,  i  Broad  St. 
Dana,  R.  K.,  16  Cliff  St. 
Davidson.  E.  C,  179  Times  Bldg. 
Pavis,  Charles  H.,  120  Broadway, 
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Davis,  Joseph  P..  115  W.  38th  St. 
Davis,  Minor  M.,  5  Dey  St. 
Decker,  D.  H.,  5  Beekman  St. 
Dickerson,  E.  N.,  15  Wall  St. 
d'Infreville,  Georges,  10  Desbrosses  St. 
Donner,  William   H.,  126  E.  22d  St. 
Doremus,  Dr.  C.  A.   59  W.  51st  St. 
Dressier,  Chas.  E.,  17  Lexington  Ave. 
Dunbar.  F.  W..  425  W.  22d  St. 
Dunn,  Gano  S..  223  Central  Park,  West. 
Durant,  Edward,  115  £.  26th  St 
Dyer.  R.  N.,  36  Wall  St. 
Emery,  Dr.  Charles  E.,  95  Nassau  St. 
Emmet.   H.   L.   R.,  36  Cortlandt  St. 
Emmet.  W.  L.  R..  44  Broad  St. 
Ende.  Sigfried  H..  39  Lafayette  Place. 
Fay,  Thomas  J.,  402  Greenwich  St. 
Field,  C   J.,  143  Liberty  St. 
Fiske,  Henry  G..  45  E.  22nd  St. 
Fleming,  R..  208  W.  15th  St. 
Flint,  B.  P.,  120  Broadway. 
Foote,  Thos.  H..  110  West  129th  St. 
Forbes,  Francis.  137  Broadway. 
Foster.  Horatio  A.,  35  Wall  St. 
Freedman,  Wm.  H.,  120  W.  125th  St. 
Frye,  Heary  W.,  Times  Bldg. 
Gardanier,  George  W..  195  Broadway. 
Goldmark.  Chas  J.,  473  Park  Ave. 
Gordon,  Reginald,  76  Park  Ave. 
Griffin,  Capt,  Eugene,  44  Broad  St. 
Guy.  Geo.  H.,  131  W.  34th  St. 
Hadley,  Warren  B.,  431  Fifth  Ave. 
Hall,  Edward  J..  18  Cortlandt  St. 
Hall.  William  P..  80  Broadway. 
Halsey.  William  B..  96  Broadway. 
Hamblet.  James.  195  Broadway. 
Hamilton,  Geo.  A..  22  Thames  St. 
Hammer.  W.  J..  1301  Havemeyer  Bldg. 
Harding,  H.  McL.,  1014  '* 
Haskins.  Charles  H..  80  Broadway. 
Hatzel.  J.  C.  114  Fifth  Ave. 
Hayes,  Harry  E.,  153  Cedar  St. 
Henshaw,   F.   V.,  402  Greenwich  St. 
Herzog,  Dr.  F.  Benedict,  30  Broad  St. 
Higgins,  Edward  E.,  26  Cortlandt  St. 
Hill,  George.  44  Broadway. 
Holmes.  Franklin  S.,  120  Broadway. 
Howson,  Hubert.  38  Park  Row. 
Hutchinson.  Dr.  Gary  T..  15  Wall  St. 
Idell.  Frank  E..  616  Havemeyer  Bldg. 
Jenks,  W.  J  .  44  Broad  St. 
Jones,  Francis  W.,  5  Dey  St. 
Johnson.  J.  N.,  16  Broad  St. 
Johnston.  W.  J..  Times  Building. 
Keen.  William  M.  B.,  85  Varick  St. 
Kellogg.  James  W.,  140  East  27th  St. 
Knox,  James  M.,  School  of  Mines. 
Knudson.  A.  A.,  39  Cortlandt  St. 
Lanman.  Wm.  H..  44  Broad  St. 
Ledoux,  A.  R..  9  Cliff  St. 
Leonard.  H.  Ward.  136  Liberty  St. 
Levy,  Arthqr  B.,  810  Lexington  AyCi 
Licb,  C^as,  An  44  Broad  St. 
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Lloyd,  Robert  McA.,  2  W.  36th  St. 
Lufkin.  Harvey  L..  39  Cortlandt  St. 
Lundell,  Robert,  44  Broad  St. 
Luquer,  Thatcher  T.P.,  45  Broadway. 
Mackie,  C.  P.,  45  Broadway. 
MacQuesten.  W.  D.,   15  Cortlandt  St. 
Madden,  O.  E..  136  Liberty  St. 
Mailloux,  C.  O.,  45  William  St. 
Mansfield,  A.  N.,  153  Cedar  St. 
Marks,  L.  B..  51  E.  67  St, 
Martin,  F. ,  Madison  Square  Garden. 
Martin,  T.  Commerford,  203  Broadway. 
Maver.  William,  Jr..  31  Nassau  St. 
McKibbin,  George  N.,  80  Broadway. 
Merrill.  E.  A.,  42  Cortlandt  St. 
Metcalfe.  George  R.,  6  Park  Place. 
Meyer,  Julius,  7  Beekman  St. 
Mitchell,  John  Murray.  45  Wall  St. 
Monell,  Joseph  T..  236  W.  22d  St. 
Moore.  D.  McFarlan,  44  Broad  St. 
Moore,  John  J..  Rider  Ave. 
Moses,  Dr.  Otto  A.,  1037  Fifth  Ave. 
Noll,  Augustus,  59  Duane  St.. 
Olan,  Theo.  J.  W.,  113  W.  34th  St. 
Osterberg.  Max,  232  E.  62d  St. 
Parmly,  C   Howard.  344  W.  29th  St. 
Pedersen,  F.  M..  327  W.  34th  St. 
Pattison,  Frank  A.,  136  Liberty  St. 
Phelps,  Geo.  M.  203  Broadway. 
Pickemell.  F.  A.,  153  Cedar  St. 
Pope,  Franklin  L.,  39  Cortlandt  St. 
Pope,  Ralph  W.,  12  W.  31  si  .St. 
Pupin,  Dr.  Michael  I.,  46  W.  72dSt. 
Read,  Robert  H.,  39  Cortlandt  St. 
Reed,  H.  A.,  422  East  Twenty-fifth  St. 
Riker,  Andrew  L.,  737  Madison  Ave. 
Roberson,  O.  R.,  P.  O.  Box  856. 
Rosenbaum,  Wm.  A.,  Times  Building. 
Rosenberg,  E.  M.,  784  Lexington  Ave. 
Sachs,  Joseph,  137  Broadway. 
Scheffler,  Fred.,  74  Cortlandt  St. 
Schreiter.  Heinr.  11  Chambers  St. 
Seely.  J.  A.,  121  Liberty'  St. 
SerrelL  Lemuel  Wm..  10  Wall  St. 
Sever,  Geo.  F.,  121  E.  30th  St. 
Shain,  Charles  D.,  136  Liberty  St. 
Sheehy.  Robert  J.,  loi  W.  76th  St. 
Smith,  ]    Elliot,  122  W.  73rd  St. 
Smith,  T.  Jarrard,  7  Dey  St. 
Sprague,  Frank  J.,  15  Wall  St. 
Stieringer,  Luther,  1873  Lexington  Ave. 
Stockbridge.  Geo.  H.,  39  Cortlandt  St. 
Storrs,  Prof.  H.  A.,  in  E.  24th  St. 
Stump,  C.  E.,  26  Cortlandt  St. 
Sullivan.  M.  C,  136  Liberty  .St. 
Taltavall.  Thos  R  ,  World  Building. 
Terry,  Chas.  A.,  120  Broadway. 
Tesla,  Nikola.  55  West  27th  St. 
Thompson,  Edward  P.,  5  Beekman  .St. 
Townsend.    Menry  C,   5  Beekman  St. 
Turner,   Wm.  S..    47  Times  Building. 
Tuttle.  George  W.,    510  W.  23rd  St. 
Vail  J,  H.,  44  Broad  St. 
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Vail,  Theo.  N.,  18  Cortlandt  St. 
Vance,  A.  St.  Clair.  136  Liberty  St. 
Vansize,  William  B.,  44  Broad  St. 
VanWyck,  P.  V.  R.  Jr.,  127  W.  58th  St. 
Varley,  Richard,  Jr.,  64  Cortlandt  St. 
Wacker,  George  G.,    3644  Third  Ave. 
Wardell,  Geo.  P.,  2054  Madison  Ave. 
Warner,  Chas.  H.,  50  Broadway. 
Waterman,  F.  N.,  120  Broadway. 
Watts,  H.  Franklin,  121  Liberty  St. 
Wayland-Smith,  F.,  26  Cortlandt  St. 
Weaver,  W.  D.,  32  W.  31st  St. 
Webb,  Herbert  Laws,  18  Cortlandt  St. 
Weller,  Harry  W.,  280  Broadway. 
Wetzler,  Joseph,  203  Broadway. 
Wheeler.  S.  S.,  39  Cortlandt  St 
White,  H.  C,  15  Cortlandt  St. 
White,  J.  G.,  29  Broadway. 
Whitmore,  W.  G..  44  Broad  St. 
Wiley,  Wm.  H.,  53  East  loth  St. 
Wilscn,  Fremont,  132  Nassau  St. 
Wintringham,  J.  P.,  36  Pine  St 
Wolcott,   lownscnd.  Care   of   W.   A. 

Rosenbaum,  Times  Bldg. 
Wood,  E.  J.,  243  Broadway. 
Woodbridge  J.  L.,  47  Times  Building 
Woolf.  Albert  E.,  864  Lexington  Ave. 
Yamall,  V.  II.,  29  Broadway. 
Zimmerman,  L.  J.,  604  West  46th  St. 

201 
Official  Stenographer, 

Ryan,  R.  W.,  300  Mulberry  St. 

Niagara  Falls. 

Bums,  Elmer  Z. 

I 
Oswego. 

Judson,  Wm.  Pierson 

Wardlaw,  Geo.  A..  Doolittle  House. 

2 

Pelham  Manor. 

Gilliland,  E.  T. 

I 

Rochester. 

Bradley,  C.  S.,  102  Spring  St. 

I 

Schenectady. 

Burke,  James,  24  Front  St. 

Churchill,  Arthur,  5  So.  Church  St. 

Greene.  S.  Dana,  General  Electric  Co. 

Ely,  Wm.  Grosvenor,  Jr..  226  Union  St. 

Lozier,  R.  T.  E.,   General  Electric  Co. 

Haskins,  Caryl  D. 

Love  joy,  J.  R. 

Reist,  H.  G.,  5  So.  Church  St. 

Rice. E.Wilbur,  Jr., General  Electric  Co. 

Rohrer.  Albert  L.. 

Stebbins,  Theodore      *' 

Steinmetz,  C.  P.,  **  *• 

Wiener,  A.  E.,  24  Yates  St. 

13 
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Syracuse. 

Brady,  Paul  T.,  Cleneral  Electric  Co. 
Marvin,  II.  N..  208  So.  Geddcs  St. 

2 
Troy. 

Bernard,  Edgar  G.,  43  4th  St. 
Stevens,  W.  Le  Conte. 

2 
Waterloo. 

Mercer,  A.  G.,  Waterloo  Electric  Co. 

I 
Yonkers. 

Eickemcyer,  Rudolf 
Essick,  Samuel  V. 
Ihlder,  John  D 
Lain,  David  E., 


NORTH  CAROLINA. 

Raleigh. 

Huff.  S.  W.,  The  Raleigh  St.  Ry.  Co, 

I 
Wilmington. 

Barnard,  J.  H.,  Wilmington  St.  Ry.  Co. 


Shaw,  E.  C. 


OHIO. 
Akron. 


Cincinnati. 

Cabot,  John  A.,  123  West  8th  St. 
Creaghead,  Thos.  J.,  296  Plum  St. 
French,  Prof.  Thos.,  Jr.,  Avondale. 
Gray,  W.  N.,  200  Neave  Building. 

A 
Cleveland. 

Black,  Chas.  N.,  Belden  St. 
Brush.  Chas.  F.,  956  Euclid  Ave. 
Canfield,  Milton  C.  18  Clinton  St. 
Cleveland,  W.  B  ,  309  Perry- Payne  Bldg. 
Cowles,  Alfred  H.,  656  Prospect  St. 
McKinstry,  J.  P.,  316  Seneca  St. 
Roberts,  E.  P.,  Western  Reserve  Bldg. 
Sperry,  E.  A. ,  Mason  and  Belden  Sts. 
Wason,  Chas.  W.,  1762  Euclid  Ave. 

9 
Columbus. 

Thomas,   Prof.   Benj.  F.,    Ohio    Sute 
University. 

I 
North  Industry, 

Serv'a,  A.  A. 

X 

Hamilton. 

Cornell,  Chas.  L. 

I 
Salem. 

Davis,   Delamore  L.,  299  Lincoln  Ave. 

I 


Steubenyille. 
Flood,  J.  F.,  Steubenville  Street  Ry.Co. 

OREGON. 

Portland. 

Cheney,  W.  C,  Portland  General  Elec- 
tric Co. 

Dame,  F.  L.,  The  Northwest  General 
Electric  Co. 

Holcomb,  E.  R.,  Edison  Gen'l  Elcc.  Co. 

Malcolm,   P.  S.,  Gibson   Electric  Co. 

Mitchell.  Sidney  Z.,  Fleischner  B'ld'g. 

5 


PENNSYLVANIA. 

Allegheny  City. 

Barth-Bartoshevitch,  A..  160  Arch  St. 
Fessenden.  Prof.  R.  A. 
Floy,  Henry.  168  North  Ave. 
Vandergrift,  James  A.,  Robinson  St. 

4 
Altoona, 

Dudley.  C.  B.,  1219  Twelfth  Ave 

I 
Chester. 

Arnold,  C.  R.,  Arnold  Elec.  Mfg  Co. 

X 

Erie. 

Boynton.  E.  C,  156  W.  8th  St. 

I 
Germantown. 

Condict.  G.  Herbert,  4720  Green  St. 

I 
Hayerford  College. 

Griscom,  Wm.  W. 

I 
Johnstown. 

Christmas,  Adolph  F. 

I 
Lancaster. 

Andrews,  Wm.  S. 

I 
Monongahela  City. 

Acheson,  E.  G. 

I 
Philadelphia. 

Braddell,  Alfred  E.,  316  Walnut  St. 
Bragg,  Chas.  A.,  Girard  Bldg. 
Flagg,  S.G.,  Jr.,  19th  St.  and  Penn.  Ave. 
Hering,  Carl,  927  Chestnut  St. 
Houston,  Prof.  E.  J., 

1809  Spring  Garden  St. 
Hunter.  Rudolph  M.,  926  Walnut  St. 
Ives.  Lieut.  E.  B.   nth  and  Colona  Sts. 
Johnston,  A.  L.,  4300  Lancaster  Ave. 
Levis,  Minford,  54  North  4th  St. 
Marks,  Prof.  W.  D.,  Edison  Elec,  Lt.  Co. 
Martin,  A.  J.,  1308  N.  29th  St. 
Perot,  L.  Knowles,  308  Walnut  St. 
Pike,  Clayton  W..  loio  Chestnut  St. 
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Reed,  C.  J.,  609  Norris  St. 
Smith,  T.  Carpenter,  212  Drexel  Bldg. 
Stadelman,  Wm.  A.,  Drexel  Bldg. 
Uhlenhaut,  F.,  Jr.,  4101  Haverford  St. 
Willyoung,  Elmer  G.,  817  Filbert  St. 
Wright,  Peter,  Drexel  Bldg., 

Pittsburg 

Giles,  Walter  A,  416  Lewis  Block. 
Healy,  L.  W.,  Westinghouse  Electric 

&  Mfg.  Co. 
Mann,  Francis  P  ,  Westinghouse  Elec- 
tric &  Mfg.  Co. 
Myers,  Geo.  Francis,  Penn  Building. 
Requier,  A.  M.,  Westinghouse  Co. 
Schmid,  Albert,  Westinghouse  Electric 

and  Mfg.  Co. 
Scott,  Chas.  F.,  Westinghouse  Electric 

and  Mfg.  Co. 
Shallenberger,    O.    B.,    Westinghouse 

Electric  and  Mfg  Co. 
Smith,  F.  S.,  Westinghouse  Electric  & 

Mfg.  Co. 
Stillwell  L.  B..  Westinghouse  Electric 

and  Mfg.  Co. 
Temple,  William  Chase.  P.  O.  Box  800. 
Waring,  R.  S.,6i  Westinghouse  Bldg. 
Waters,  Edward  G..  425  Wood  St. 
Wurts,  Alex.  J.,  Westinghouse  Electric 

and  Mfg  Co. 


Scranton. 

Wightman,  Merle  J. 

South  Bethlehem. 
Lattig,  J.  W. 

State  College. 

Jackson,  Prof.  J.  P. 

West  Chester. 

Hoopes,  Arthur. 

Wilkesbarre. 

Sanborn,  F.  N. 
Seitzinger,  H.  M. 


14 


RHODE  ISLAND. 
Bristol. 


Blake,  Theo.  W. 


Providence. 

Miller,  Joseph  A.,  25  Hutler  Exchange. 
Phillips.  Kuj;enc  F.,  67  Stewart  St. 
Tregoninjj,  John,  32  Belmont  Ave, 


TENNESSEE. 

Memphis. 
Roessler,  Capt.  S.  W.,  99  Madison  St. 


TEXAS, 

Aastin. 
Macfarlane,  Prof.  Alexander 

Galveston. 

Weaver,  Norman  R. 


UTAH. 


Salt  Lake  City. 
McKay,  C.  R.,  140  So.  Main  St. 

VERMONT. 

Brattleboro. 

Childs,  W.  H. 
Fuller,  Hon.  Levi  K. 

2 
Rutland. 

Francisco,  M.  J.,  Rutland  Elec.  Lt.  Co. 


VIRGINIA. 

Blacksburg^. 

Anderson,  Prof.  W.  E. 
Randolph,  L.  S. 

2 
Front  Royal. 

Albert,  Henry 

I 

Lynchburg^. 

Poole,  Cecil  P.,  108  8th  St. 

I 
Richmond. 

Leonard,  M.B. ,  Sup't  C.  &  O.  R.  R.  Tel. 
McCluer,  C.  E.,  So.  Bell  T.  &  T.  Co. 


WASHINGTON. 

Centralia. 
Coolidge,  Charles  A. 

Everett. 

Butler,  William  C. 

Seattle. 

Daft,  I>eo,  Hurke  Building. 

Van  Valkenburgh,  F.  S.,914  5th  St. 
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WEST  VIRGINIA. 

Huntingdon. 
Wallace,  Geo.  S.,  Box  214. 

Morgantown. 
Aldrich,  William  S.,  P.  O.  Box  256. 

Wheeling. 
Sands,  H.  S.,  Peabody  Bldjj^. 


WISCONSIN. 
Eau  Claire. 

Shaw,  Geo.  B. ,  National  Elec.  Mfg  Co. 
Bates,  M.  E..  National  Elec.  Mfg  Co. 

2 

Janesville. 

Wray,  J.  G.,  104  Linn  St. 

I 

Madison. 

Davies,  John  E.,  523  Carroll  St. 

Jackson,  Prof.  Dugald  C. 

Jones,  Prof.  F.  R.,  University  of  Wis. 

3 
Milwaukee. 

Boardman,  H.  B.,  1530  Grand  Ave. 
Burton,  W.  C,  238  27th  St. 

2 

Racine. 

Higgins,  Eugene 

I 


WYOMING 

Sheridan. 
Casper,  Louis 


DOMINION  OF  CANADA. 

MANITOBA. 
Winnipeg. 

Ross,  Norman  N.,  350  Main  St. 


NOVA  SCOTIA. 
Baddeck. 

Bell,  Prof.  A.  Graham. 

Halifax. 

Cogswell,  A.  R.,  34  Bishop  St, 
Spike,  Clarence  J. 

Hazel  HUl. 

CoUey,  Benjamin  W. 
Dickenson.  Samuel  S. 

New  Glasgow. 

Bowman,  Fred.  A. 


ONTARIO. 

Berlin. 

Breitbaupt,  E.  Carl 

I 

Brantfofd. 

Callender,  Romaine 

I 

Ottawa. 

Ahearn,  T. 

Dion,  Alfred  A.,  72  Sparks  St. 

2 

Peterborongh. 

Hartman,  Herbert  T. 

I 

Rat  Portage. 

McCrossan,  J.  A. 

I 

St.  Catherine. 

Thompson,  William  G.  M. 

I 

Toronto. 

Langton.  John,  Canada  Life  Building. 
Rosebrugh,  Thomas  R..  107  MutualSt. 
Rutherford,  W.  M.,  63  Front  St 

3 


QUEBEC. 

Montreal. 

Brenner.  W^m.  H. 

Ross.  Robert  A. 

Sise,  Charles  F.,  P.  O.  Box  191 8, 


MEXICO. 

City  of  Mexico. 

Peck.  S.  C,  Apartado694. 

Vera  Cruz. 
Moss,  Geo.  W. 


SOUTH  AMERICA. 

UNITED  STATES  of  BRAZIL. 

Para. 

da  Cunha,  Manoel  Ignacio, 

Empresa  Industrial  Gram*Para. 

I 
Rio  Janeiro. 

Souza,  Carlos  Monteiro, 
Chermont,  A.  L.,  7  Rue  da  Matrix. 
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WEST  INDIES. 

JAMAICA. 

Kingston. 

Montagu- White,  George 
Wilson,  Harry  C. 


AFRICA. 

CAPE  OF  GOOD  HOPE. 
Cape  Town. 

Sundford,  William. 


ASIA. 

JAPAN. 
Osaka. 

Iwadare,  Kunihiko 


AUSTRALIA. 

NEW  SOUTH  WALES. 

Sydney. 

Fischer,  Gustavc  J. ,  Public  Works  Dep't. 
Fitzmaurice,  Jas.  S.,  210  George  St. 
Spruson,  Wilford  J.,  169  King  St. 


EUROPE 


AUSTRIA. 

Vienna. 

Egger,  E.,  X.  Simmeringstr,  187 
Sahulka,  Dr  Johann. 

Technische  Hochschule. 

2 


GREAT  BRITAIN 


ENGLAND. 
Bristol. 

Eley,  Harris  H.,  88  Colston  St. 

I 
Croydon. 

Lewis,  Henry  Frederick  William 

Redlands,  48  Sydenham  Road. 

I 
London. 

Lorrain.  James  Grieve, 

Norfolk  House.  Norfolk  St.,W.  C. 
Keith,  N.  S.,  Low's  Exchange. 
Mordey,  Wm.  M., 

34  Montserrat  Road,  Putney. 
Preece,  Wra.  H..  General.  Post  Office. 
Solomons,  Sir  D.  L.,  49  Grosvcnor  St. 


London. — Continued.  • 

Walter.  Henry  E. 

3  Princes  Mansions,  Victoria  St. 
Wells,.  D.,   Hurstfield,    The    Avenue, 

Gipsy  Hill, 
Wharton,  Chas.  J.,  82  Bond  St. 

8 

Tannton. 
Haynes,  F.  T.  J. 


IRELAND. 

DnbUn. 

Handly,  Arthur,  61  Dawson  St. 


SCOTLAND. 

GlasgoiP7. 

Kelvin,  Lord,  The  University. 

Grantown. 

Lawson.  A.  J. 


WALES. 
Cardiff. 

Walker,  Sydney  F.,  195  Severn  Road. 

I 


BELGIUM. 

Antwerp. 

Inrig,  Alec  G.,  Rue  St.  Gommaire,  23 
Welles,  F.  R.,  Bell  Telephone  Mfg  Co. 

2 
Liege. 

Albanese,  G.  Sacco. 

I 


FRANCE. 

Creusot. 

.Stahl,  Th.,  Creusot. 

Paris. 

Mix,  Edgar  W.,  27  Rue  de  Loudres. 

Thurnauer,  Ernst,  27  Rue  de  Loudres. 
Winslow,  I.  £.,  27  Rue  de  Loudres. 


ITALY. 

Torino. 

Capuccio,  Mario,  Piaz7.a  Statuto  15. 


Portugal,  Germa/ny,  Netherlandi,  Busaia. 
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PORTUGAL. 

Lisbon. 
Danvers,  A.,  60  Travessa  Saota  Justa. 

T 


GERMANY. 

Berlin. 

Flesch,  Chas.,  Allgcmeine 

Elektricitats-Gescllschaft. 
Magec,  Louis  J.,  Comeliusstr  i.,  W. 
Otten.  Dr.  J.   D.,  Kleinbeerenstrasse, 

21,  S.  W. 
West.  Julius  H.,  Handjery  Str.,  58. 

4 

Dresden. 

Zctzsche,  Prof.  Dr.  Carl  E., 

Carlstrasse  13. 
I 


NETHERLANDS. 

Amsterdam. 

Hubrccht,  Dr.   H.  F.  R.,  Ncderland- 
sche  Bell  Telephone  Co. 

z    ' 

Total 


Delft. 

Doijer,  H. ,  8  Choorstraat. 


RUSSIA. 

St.  Petersburg. 

Sventorzetzky,  Capt.  L.,  Military  Eng 
inecring  Academy. 

I 

Addresses  Unknown. 

Cobb,  John  S. 
Danvers,  Ernesto 
Logan,  Charles  H. 
Nesmith,  S.  D. 
Palmer.  G.  W.,  Jr. 
Porter,  J.  F. 
Uchling,  T.  A. 
Williams,  A.  S. 
Wright.  John  D. 

Notice. 

The  Secretary  would  be  pleased  to  re- 
ceive the  present  addresses  of  the  above. 
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